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CHAPTER I 
PRESCRIPTION WRITING TRANSPOSITION 
I. PRESCRIPTION WRITING. 


le Steps for writing a Rx which calls for a sphero- 
cylindro-prismatic compound. 
A. Sign: denomination of the lens. 
B. Number indicating the dioptric power. 
C. Abbrev. for diopter. 
D. Abbrev. for spherical lens. 
E. Combination signs 
F. Sign. 
G» Number indicating dioptric power. 
H» Abbrev. for diopter. 
I. Abbrev. for cyl. lens. 
J» Abbrev. for axis. 
K». Position of the axis of oy ln degrees. 
L» Combination sign. 


| M» Amount of prism dioptry, 
14 N. Abbrev. for prism di ° 
O. Position of base. 
2e Complete theoretical, (ipytnetical prescription. 


+ 2200 D.S. - 1.00 Deeg ax 90°<> 6“ base up 90° 
or + 2.00 D.Sph. C -1.00 Qycyl.ax 90° 6 P.D.base up 90° 


{Oculus Dexter g- Right Eye. 


Oculus Sinist -S.) = Left Bye. 
Oculi mitit.) = Both Eyes.] 


E II. TRANSPO ON.» 
ay Ae ing: 
fyi AA “l. Common: changing place. 
E- SS 2.°Optical: changing form. 
cS B. Definition: 
ne Transposition, as it relates to optical prac- 
or » is defined as changing the form of a lens without 
Q) tering its optical value. 


+ 
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III. PHILOSOPHY OF TRANSPOSITION 

All lenses should be ordered from the manufacturing 
optician in the form which: 

l. Produces the minimim of spherical aberration. 

2» Gives the maximum beauty and convenience in the 
finished lens. 

5. Permits of their being ground without unneces- 
sary labor. 


IV. COMBINING SPHERES. 
V. COMBINING CYLINDERS WITH SAME AXIS. 
VI. COMBINING CYLINDERS WITH AXES AT RIGHT ANGLES. 


VII. COMBINING SPHERES AND CYLINDERS. 


VIII. HOW TO PUT A PRESCRIPTION ON THE OPTIGAL CROSS 
DIAGRAM. $ 
l. How to put a sphere on the cro ra deren: 
2. How to put a simple oy inter otho cross 
diagram. 
5» How to put a cross cyl. cription on the 
cross diagram. 
4. How to put a spher TEE on the 
cross diagram. AS 
ia sie 
Ae of ite Qne s represent the axis and 
affix to one oy e fa number of the meridian. 
to the opposite end of this line 
the sphere. 
O the other arm of the cross and af- 
fix to it engoys of the meridian at right angles to 
the first. c 


the sign and g- 


D» Combine the powers of the sphere and 
cyl. we d the strength of the second meridian. 


Note: How to find the meridian at 
~\ right angles to a given 
~Q meridian in the majority of 

S CASES. 
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lə If the given meridian is 90 or 
less than 90 put down 1 and subtract 1 from the first 
digit and put down the other digit. 

2- If the given meridian consists 
of three digits add the first two digits and put down 
the third. 

3. If the given axis is from 91° 
to 99° subtract 90°. 

4, If the given axis is from 1° 


to 10° ada 90°, 


ate 
CHAPTER II 
RULES OF TRANSPOSITION-TRIAL CASE 
I. RULES OF TRANSPOSITION. 


l. Rule to transpose sph.-cyl. prescription into 
another sph.-cyl. combination. 

Combine the power of the sphere and the cyl. 
to get the new sphere. Use the original power of the 
cyl. but change the original sign and axis to their 
opposites. 

2- Rule to transpose a simple cylinder prescription 
into a sphero-cyl. combination. 

Use the sign and power of the cylinder for the 
new sphere; for the new cylinder use the original number 
but change the sign and axis to their opposites. 

Se Rule to transpose cross cylinder preseription to 
sphero-cyl. combination. OS 
A. When the signs are alike: 

If the signs of the Oar are alike 
select as a sphere the power of the 
for the new cylinder subtract th 
cylinder from that of the gre 
and axis of the greater cyligd 

B. When the sig re unlike. 

If the sjgny of the cylinders differ, 
select as a sphere the and number of the plus 
cylinder; for the N add the numbers without re- 


gard to signs and to their sum the sign and axis 
of the minus cyyi . 
C. 5S e rule to transpose cross cylinders 


to tn in O e regardless of signs: 

O Transpose one of the simple cylinders 
which f iN e cross cylinder into a sphero-cyl. combi- 
oN combine with it the other cylinder. 

D. Rule to transpose a sphero-cyl. prescrip- 
tito cross cylinders: l | 
Ò Use the sign and number of the sphere for | 
of the cross cylinders with its axis at right angles | 
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isiker cylinder ; 
ber of the weaker 
iving it the sign 


jo 


to the axis of the cylinder in the given sphero-cyl. com- 
pound; combine the sphere and cylinder for the second 
cylinder with its axis the same as in the given compound. 
E. Rule to transpose a sphere into cross 

cylinders: 

Connect with the combination sign two 
simple cylinders, same sign and number as the given 
sphere with axes at right angles. 


II. HOW TO REMOVE AN OPTICAL PRESCRIPTION FROM THE 
CROSS DIAGRAM. 


Rewrite the prescription in cross cylinder form 
and transpose if necessary. 


Y/ ITI. TRIAL CASE OR TEST CASE. 


lə What is it? The court of last resort. 

ee Arrangement of trial case cont pe 

ő. Dioptric intervals between le 

4. Lenses, prisms and discs me nted in rings 
with handles. 

5e Distinction exists betw he convex and concave 
series, both spherical and c rical. 


6 Important note. 
In many modern hscs the strong convex lenses 
r 


(from 10 to 20 D.) are than their nominal powers, 


their actual powers bø those which neutralize concave 
lenses of correspon¢ numbers. The difference between 
the actual and no N powers varies from about .16D for 


a plus 10D to CO for a plus 20D, the thickness of the 
concave lenses ing taken as a standard of 1 m. and 
that of the Ggnvex varying between about 4 to 8 mm. at 


the MAS) 
Qr ents of the Trial Cases 


7 
S A. Spherical lenses 


ae Convex ) 


~\ b. Concave ) from »12D to 20.00D 
59 B. Cylindrical lenses 
fe 


Convex ) apom .12D to 6.00D. 


Q » Concave | 
V be C ) 


=< 


C. Prisms 

From .50P.D. to 20.00 P.D. 
D. Discs 

a» Opaque disc: 

A solid piece of metal or rubber, 
circular in form made to fit the trial frame, which 
serves to exclude one eye from vision while the other is 
under test. 

b» Ground glass disc: 

This is used for the same purpose 
as the opaque disc. 

c. Half-ground glass disc: 

Used in cases of Hemianopsia 
{blindness of half the visual field) and in cases of 
conical cornea, nebula and irregular astigmia. 

de Pin-hole disc: (Special Subject) 

3 Same as the opaque disc but with a 
modification. Its center is pierced with a, fine hole 
thru which the patient must look. A 

e. Stenopaic disc or slå 

An opaque disc 4 e center of 
which is cut a narrow slit. With i Sa test any 
meridian of the eye. Used to ex eyes for error of 
refraction (obsolete) and for cial test to detect 
a find the correction of ia in special cases 

Special Subject). oO 


f. taar 
nsists of a glass rod attached 
in front of a large s paic disc. | 


he small glass rod is and acts as 
a strong cyl. whp Q@Qauses a point of light to appear as 
a long streak. (oe in muscle tests. 
„Cpg. Maddox Double Prism. 
N A , : ‘ 
solid piece of glass made in the 
form of ONprisms base to base. It is fitted in the 
aa oN n opague disc with corresponding large aper- 
nè causes the eye to see a point of light double. 


ture 
uses muscle tests. 
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hə Tinted Planos: 

These discs were graded as to the 
obscurity of the tint and have been used as sufficient 
in case of photophobia. 

ie Plano lenses: 

Very little used in practice; still 
we may use them to detect malingerers and to test the 
eyes of marked good vision. 

j- Color glass discs, green and red 

Used in muscle test for distinguish- 
ing the image seen by one eye from that seen by the other 
(Special Subject). 

kə Cobalt blue giass 
Used in chromo-aberration test 
(Special Subject) 
1. Scheiner's Disc. 

An opaque disc int center of 
which there are two pin holes separated he distance 
of 1 mm. Used in the Scheiner test f Qfmetropia and 
near point (Special Subject). 

m. Crossed geek 


Used to Ot inter-pupillary 
distance in a really aSa 


IV. TRIAL FRAME. | 
1. Description. 

The trial e is a pair of spectacles made 
especially for tes +” It can fit any face and is ad- 
justable for a ai ight and projection of bridge and 
length of at 

oSrtaine two or three cells, one of these, 
the front nc can be rotated and carries the graduations 
for the a Ose the cylinder. The graduations on the most 
modern ane frames are always the same, commencing at the 
NY left and proceeding upward to 15°, 30° and up 
to which is exactly vertical and down to 180° which 
Š ctly horizontal and then commencing at this point, 
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which is the patient's right going down to 90° and pro- 
ceeding up to 180°. 


Note: A light drop frame that will hold securely 
two or three lenses for each eye is useful 
if the optometrist wishes to try how a cer- 
tain combination serves in use and, accord- 
ing to many authors, such a frame is best 
for retinoscopic work. 


2- Requisites of a good trial frame. . | 
A. Lightness 


B. Adjustability 
C. Rigidity. 
3. Which is the best trial frame? 
The stationary. 


If the toric surface is to be concave, our rag 


would be: write the prescription with a concave cylin- 
der, (transposing if necessary) then algebraically sub- 
tract the base curve from the spherical portion of the 
prescription to find the power of the spherical surface, 
which in this case would be convex. 

These rules are particularly important in the mak- 
ing of Ultex lenses with cylindrical values in them. 
The surface of the Ultex next to the eye is always a 
concave sphere with a reading portion which is as 
much less concave as the power of the add. The toric 
surface must always be placed on the outside. In some 
cases of mixed astigmatism requiring a strong cylin- 
der, these lenses necessitate a special grinding tool 
which is difficult to make. 

Practically all stock toric lenses are ground on a 
plus base and it is, therefore, advisable for the optom- 
etrist to order all of his astigmatic` prescriptions in a 
form having plus cylinders. He can do this by trans- 
position even though the lens is to correct a case of 
simple or compound myopic astigmatism. 
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TORIC SURFACES 


In optometric lenses it has become an almost in- 
variable custom to supply any required cylindrical 
value by what is known as a toric surface. The word 
“toric” as applied to lenses comes from the resem- 
blance of this surface to a tore, which in architecture 
is the semicircular molding around the bases of col- 
umns. To get a good mental picture of a toric sur- 
face, imagine the appearance of a portion of a smooth 
bicycle tire or an inner tube which has been inflated. 
The curves of this surface do not all have the same 
radius as ina spherical surface. One curve runs around 
the wheel and has a greater radius than the other 
which runs around the tire. 

Such a surface is identical with that of an astig- 
matic cornea. If one take the eye-ball between the 
thumb and finger and gently squeeze, the curvature of 
the cornea will be altered and a similar surface formed. 
In the meridian corresponding to the pressure, the 
curve is increased, while in the opposite meridian, a 
flattening action takes place, giving the cornea a weak- 
er curve. It is to correct this discrepancy between 
the two meridians that a cyligdrical lens is applied to 
the eye, but we attain the e result more satisfactor- 
ily by grinding our lens so ne of its surfaces re- 
sembles the surface of the def cornea. This lens 
is then placed before the eye in osition that its 
strongest curve covers the weakest tyfy of the cornea 
and its weakest curve covers the s Oy curve of 
the cornea. Thus, the combined acti ody lens and 


cornea on light is spherical and the astig is cor- 


rected. O 


Toric Lenses Standardized 


A toric surface may be ground on practica 
every type of lens. It may be ground on one side of a 
lens of which the other side is plane, or convex, or con- 
cave. More than this, a toric lens could be made in 
an endless variety of strengths. Experience in manu- 
facture, however, has taught the wisdom of confining 
these lenses to a limited number of combinations. The 
grinding tools with which they are made are more ex- 
pensive than those used for grinding spherical lenses 
and it is desirable to confine one’s stock of grinding 
tools to the smallest number with which all of the 
necessary lenses can be constructed. The weakest 
curve of a toric tool is called its base curve. The tool 
for grinding a plane cylinder has a base also, but it is 
not a curve, as the weakest meridian of a cylindrical 
surface is plane. By experiment and calculation 
manufacturers have ascertained that it is usu- 
ally best to grind a toric surface with a base 
curve of 6 diopters. This means they must have 
a stock of tools, one of which measures 6 D. on its 
weakest meridian and on its opposite, 6.25 D. An- 
other tool will measure 6 D. on its weakest meridian 
and on the opposite meridian 6.50 D. Another will 
measure 6. D. and 6.75 D., another one 6. D. and 7. DE 
and so on, until the stock of tools is complete. Since 
the cylindrical value is the difference between the two 
principal meridians, this set of tools will make toric 
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cylinders, the powers of which are .25, .50, .75, 1.00 and 
on up to the highest power that may be required. If 
this one set of tools would serve for all toric lenses, 
their cost would not be much more than cylindrical 
lenses, but this is not the case. The manufacturer 
must also have a set of toric tools in which the base 
curve of each is 3. D. In this set the weakest curve is 
3. D. while the power of the opposite meridian is as 
much stronger than 3. D. as the power of the cylinder 
desired. Another complete set of tools is made upon 
a 9. D. base and still other bases have been used from 
time to time. 


One Tool for Many Lenses 


Let us suppose we wish to grind a simple +1.00D. 
cylinder in toric form with a 6. D. base. We will se- 
lect a tool which on the toric surface grinds +6. D. in 
one meridian and +7. D. in the opposite meridian. 
After completing the toric surface of our lens, we must 
grind the opposite surface so as to eliminate the spher- 
ical action of the lens. We would, therefore, grind on 
the surface to be worn next to the eye a concave spher- 
ical curve equal to the base. In other words, —6. D. 
As this neutralizes entirely the +6. D. meridian and 
all but +1. D. of the opposite meridian; the power 
which remains will be that of a +1. D. cylinder. 
Should we desire to make a lens the power of which 
is +1. D. sphere +1. D. cylinder, we would select 
the same toric tool and after completing the toric sur- 
face we would grind a concave sphere on the other 
surface which would neutralize all but 1. D. of the base 
curve. This would require a —5. D. sphere. If the 
spherical portion of the prescription was to have been 
+2. D., our concave surface would have been —4.-D. 
sphere. If the spherical portion is +3. D. we would 


LO grind —3. D. sphere on the concave surface, etc. 


Kryptoks on Concave Base 


5 


reviously explained, we cannot grind a cyl- 


indri toric curve on that portion of a Kryptok 
which e flint seed: We also called attention to 
the fact he add of a Kryptok should be placed on 


the convex s ce. It; therefore, follows that when 
a toric surfacegis to be ground on a Kryptok lens it 
must be place NY the concave surface of the lens. 
This means our t AP have a minus base and must 
be ground with a x grinding tool. Such lenses 
are made on the sa inciple, however, as those 
having a convex base. Paine. curve of the toric 


surface is usually —6. mea fe the opposite meridian 
is as much stronger minus (fle power of the cylinder. 


Rules for Note Poe 


The power of the spherical su 
may be calculated by the following feJhod: When 
the toric surface is to be on the convex ste) write the 
prescription with a convex cylinder, (trtQsp&sing if 
necessary). Algebraically subtract the be m urve 
from the spherical portion of the prescription; 
mainder is the power of the spherical surface. y 


ce gf a toric lens 


case it would be concave. 


a en) eee 
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CHAPTER III 
TORIC LENSES. 
I. MEANING OF TORIC OR TOROIDAL. 


The word Toric or Toroidal as applied to lenses 
comes from Latin-torus-which means in architecture, - 
the large semi-circular molding used in the base of the 
colums. It has a curvature resembling that of a spoon 
or an egg. 

To get a good mental picture of a Toric surface, 
imagine the appearance of a smooth bicycle tire. The 
curves of this surface do not all have the same radius 
as in a spherical surface; one curve runs around the 
wheel and has a greater radius than the other which runs 
around the tire. 


II. DEFINITION. 


A. surface 


t amounts with 
ture at right 
e may be spherical 


A Toric lens is.a lens having on i 
curvature in all meridians but of diff 
its meridian of greatest and least 
ena to each other; the other s 

concave or convex) or plane. O 


III. HOW DOES A TORIC LENS pawn FROM A PERISCOPIC, 
A MENISCUS AND A FLAT. SBHERO-CYLINDER? 
The strength XE two principal meridians, which 
differ in strength aare at right angles to each other 
are ground on the ofa Side of the lens. 


IV. BASE CURVE BASE CURVED 


roe the base curve of a Toric lens is 
always > eaker curve on the Toric side. 

ifference between the base curve of a Toric 
22g i se of a Periscopic or Meniscus. 


a 
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A. The base curve of a Toric is never spherical. 
B. The base curve of a periscopic or Meniscus 
is always spherical. ' 


C. Consequence: a spherical lens can not be put 
in Toric form- 
D. The most common base curves of a Toric lens:- 
a. + 6 (75%) and -6 
De + 3 and -3 
Ce + 9 and -9 


| Emmetropia. 

Everyone who is familiar with the photogra- 
pher’s camera knows that it consists of a dark box 
with a small opening in one end, containing a lens. 
This lens intercepts ayers pencils of light, eman- 
ating from points on ie in space and, by refrac- 
tion, changes them into or verging pencils, which 
focus and reproduce u the back wall a picture of 
the object from w e the light came. Here is 
placed the sensitiyé a which retains an imprint 
of the.image O upon it. 


The eye 6 Sr original pattern after which the 
camera is Structed. It also is a dark chamber, 
having Rep a transparent surface, a small opening 
to admi t, a convex lens just back of this opening 
and ge back wall a highly sensitive membrane. 

tes t waves enter the eye, they are refracted by 

ens and made to focus upon the sensitive mem- 

N Ge We say lens, though in reality we mean the 

NY“ compound refracting system, which, as you know, 

Ne) comprises the cornea, aqueous humor and crystalline’ 
ò lens. These curved surfaces with the fluids which 


_ they contain are known as the dioptric system of 


Ag 
ww the eye. 


Fig. 60. 


Fig. 60 illustrates an eye that is normal in its 
optical development. Parallel rays entering this eye 
are refracted by the dioptric system so that they fo- 
calize on its fovea. Such an eye is called emmetropic. 
The literal meaning of the word emmetropia is in- 
measure-eye. The mistake is sometimes made, of 
describing such an eye as being normal, without qual- 


ifying this description by explaining th normal 
in optical development. Emmetropia o refer- 
ence to the health of the eye. An ay be prac- 


tically blind from paralyzed optic ®ve or any form 

of pathologic condition, but i Op principal focal 

length of its dioptric system ides with the dis- 

tance from the nodal point Cy fovea, the eye would 

f be emmetropic. Very few è have this normal pro- 

portion, although, of cage it is not in accordance 

with nature’s intention thdt there should be any other 

kind, To be normal eyeball may not be either too 

large or too small ust be of just the required size 

to match the f No ength of the dioptric system. Any 

departure fr N is condition is known by the gen- 

eral term gretroia We therefore have these two 
| classes Ee €s, emmetropic and ametropic. 

) T xtreme probability of some form of error 

exis Q in every eye may be appreciated when we 

hat if the eyeball be over-developed or under- 

ú N oped 1/12 of a_millimeter, a certain degree of 

ur 


will be cast over the retinal image unless the 
$ fault is corrected. 


93. Emmetropia, the optically normal eye. 
94. Ametropia, the optically defective eye. 
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CHAPTER IV 
EMMETROPIA & AMETROPTA. 


I. THE EYE IS THE ORIGINAL PATTERN AFTER WHICH THE PHOTO- 
GRAPHIC CAMERA IS CONSTRUCTED. 
1.VA dark box 
ze A diaphragm 
Sw A lens 
4. A focusing adjustment 
5WVA sensitive plate 
6. Production of an image upon the sensitive plate. 


II. DIOPTRIC SYSTEM OF THE EYE. 

1. In passing thru the eyeball, rays of light 
traverse the cornea, aqueous humor, crystalline lens and 
the vitreous humor. 

2e The dioptric system of the eye ne ises four 


media and three refracting surfaces, whic bined, 
represent a bi-convex lens of about EG Sot length. 
(Cornea 


(Aqueous SS 
A. Media: (Crystallin ns 


(vitreaua( > 
x 


Anterior surface of the 
S) cornea. 
Be pei frane n surface of 
crystalline lens, 
Pia surface of the 
KA (crystalline lens. 


N 
III. REFRACT TATUS OF THE EYE. 
l. nition: by refractive status of the eye we 


mean the ckinges which the transparent ocular media and 
refra surfaces exert upon Parallel rays of light 


cok eve is ina state of rest (not using any ac- 


ation, static). 


aw 


Fig. 61. 


Hypermetropia. 


Fig. 61 shows the commonest form of ametropia, 
being an eye which is deficient in its optical devel- 
opment. This may be from different causes. The 
lens or cornea or both may have curves that are too 
weak, or the refractive index of the lens may be too 
low, or the eyeball may be too short on its antero- 
posterior diameter. The latter cause is commonly 
accepted as responsible for this form of ametropia. 
The deficient eye is described by the name of hyper- 
opia, or to speak more completely, hypermetropia. 
This term means over-measure-eye and refers to a 
condition in which the principal focus of the dioptric 
system is located behind the back wall.of the eye. 
Such eyes are said to be far-sighted, but this name is 
frequently misleading, as hyperopia does not alter the 
distance at which one sees so much as it affects t 


method of procuring all vision. 
Now observe Fig. 61 and note how parallei Qs 
e 


of light encounter the retina before focusin se 
rays, if. projected forward to their meetj point, 
would focus at PF. The image which orm on 


clearly defined focal points and as as this con- 
dition is uncorrected, it is impossibse for the eye to 
have a distinct image of the obi from whence the 
light came. Should you throw of light into such 


an eye and cause them to WS rom the fovea and 


the retina consists of diffusion =p mstead of 


emerge through the pupil, must necessarily leave 
the eye divergently. C5 arrows show the course 
which they would take! 


Myopia. 
Fig. 62 ill kes myopia, an error caused by 
over-develop {Noi the eye. This may take the 


form of oven ength of the dioptric system (curves 
of too BAY adius or too great refractive index of 


> 
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ə Table 


Emmetropia 


us of the eye 


(Hyperopia 
Axial ( 


( 
( 
( 
3 ( 
Refractive stat-( 
( 
( 
( 
( (Mropia 
( 


( 
( 
Ametropia ( 
( 
(Curvature b astignia 


IV. Definition and explanation. 
l. Emmetropia 
Definition: a condition in which, with ac- 
commodation at rest, rays of light from pity 
(neutral rays) focus perfectly on the io Ae 


Notes: 
l. The emmetropic eye Na eye which is 


optically normal x 
2e Optically rear oes not refer in any 
a 


way to the of the eye. 
2. Ametropia 
Ae Definiti Q general term applied to 
the condition of the ey, Qr which there is an error of 


refraction of any NG 
ision 


B. Su 
i Axial: when the fault is in the 
focusing of paralel rays on the axis. 


*& b. Curvature: when the fault is in 
the curvatu@) Yf the cornea or lens, or both. 
Ww Ce Kinds of Axial ametropia. 
NX a. Hyperopia 
~\ Definition: a condition in which, 
wi commodation at rest, rays from infinity reach 


retina before coming to a focus. 


RO 


the lens) or else the eyeball may be too large. It is 
impossible to determine which is the actual cause, 
but, as the effect of all is one and the same, for the 
sake of simplicity we say the eye is too large. The 
drawing shows parallel rays encountering the eye, 
forming a principal.fqcus in the vitreous chamber, 
after which they pge as a divergent pencil of 


light and produce,@pon the retina a blur similar to 
that caused by eropia. 


aS point where the rays focalize. 


sh 


The myopic eye is able to see at its far point. 
This point O is conjugate to the retina. Its location 
depends upon the over-strength of the eye. If this 
be slight, point O would be at a considerable dis- 
tance. If great, this point would be nearer. 

The term myopia, which literally means to close 
the eye, is derived from the habit of these individuals 
to close the lids to a narrow slit in an effort to pro- 
duce an effect similar to a pin-hole, and thus improve 
the vision of the naked eye. 


Since hyperopia and myopia are the result of a 
discrepancy between the antero-posterior axis and the 
focal length of the dioptric system they are classed 
as forms of axial ametropia. 


95. 4Alypermetropia: the over-measured eye, the 
deficient eye, far-sighted. Corrected by a plus 
sphere. A 


96. Myopia: Squint eye, over oped eye, 
near-sighted. Corrected by a minu 


You have been in a phot 
have observed the care w, which he adjusts 
his instrument so as to it in focus with the 
subject of whom he wisges@ make a picture. First 
he places the ground eiin the back of the camera, 
then he opens the shu of his instrument, covers 
his head with a da sloth, to exclude the light, and 
scrutinizes the i which appears upon the ground 
glass. If thi NS is not sharp and distinct, you 
will see hi PNS st lengthen and then shorten the 
bellows o N atn until it is satisfactory. The 
necessit this change of adjustment lies in the 
fact he distance at which the subject is seated, 
is a conjugation with the ground glass. If the 

is too near, the operator lengthens the bel- 

This, in effect, draws the eround glass back 
Or, if the dis- 
tance at which the subject is seated is so great that 
light from his face does not have sufficient diverg- 
ence, and consequently, after refraction by the lens, 
comes to a focus too quickly, he must push the ground 


glass forward, or the lens back, until the focus is 
matched. 


her’s studio and 


d with whi 
iat they tal 
ut change i 
aay have ob 
tures canno 
object to b 
ens than sii 
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Universal Focus. : 


You have also seen cameras equipped with what | 
is called a “universal focus ;” ning that they take 
pictures of objects at all di anys without change in 
the position of the film You may have ob- 
served, however, that J distinct pictures cannot 
be taken with these jut uments, if the object to be 
photographed 1s ~~ nearer to the lens than six 
meters (20 Oe" e reason it is possible to photo- 


graph objects feet, 100 feet or farther with the 


same adjus is contained in Rule 7, Lesson I, 
which is t effect that light from 20 feet or be- 
yond, Kesi the eye in sensibly parallel rays. 


ol Sus 


Note: The hyperopic eye is: 

1. Overmeasured:-in the focus of 
parallel rays of light. 

Ze Deficient: -under-developed. 

Se Far-sighted but defective be- 
cause this eye procures good vision 
by accommodating. 

4. Corrected by a plus spherical 
lens, therefore, the hyperopic eye 
is a minus eye. 

be Myopia 
Definition: a condition in which 
light from infinity is brought to a focus before encoun- 
tering the retina. 
Note: The myopic eye is: 

1. Under-measured in the focus of 
parallel rays. 

2. Over-developed: means long eye. 

ó. Near-sighted. 

4. Corrected by Obs lens, 


therefore a myopic eye is a plus "L 


Emmetropic Punctum Remotum. 


A moment’s consideration will show you that the 
emmetrope has no punctum remotum, as there is no 
. distance too remote to be brought into conjugation 
with the retina when accommodation is completely 
suspended. We speak of the emmetropic P. R., how- 
ever, as being located at infinity, and his range as the 
space covered as he shifts his focus from infinity to 
his near point. 

The hyperope also has no positive far point. For 
purposes of calculation, however, we make note of 
his negative punctum remotum, situated behind the 
eye. This is the point, PF, in Fig. 61. 


102. To determine the amplitude of the emme- 
tropic eye; find the near point in inches or centi- 
meters and convert it into diopters. 


103. To determine the amplitude of an ametropic 
eye: correct the refractive error, leave Ne glasses þe- 
fore the eyes, and proceed as in em pia. 


104. To calculate the ampligafte of the hyperopic 
eye: proceed as in ree t add to the result 


the amount of the refractive For. 


105. To calculate th©Oamplitude of the myopic 
eye: proceed as in em opia, but subtract from the 
result the amount ont error. 


106. Punctu@iORemotum: The farthest point 
which can be brought into conjugation with the fovea 
without the <p of a lens. In myopia this is nearer 
than intinggdnd positive. In hyperopia, it is nega- 
tive, beingNiocated behind the eye. In emmetropia it 
is at any finite distance. 


If the eye be over-developed 1 millimeter, 
. of myopia would result. If deficient 1 milli- 
eter, 3 D. of hyperopia would result. 


+ 
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fovea when the eye is static, and he needs no accom- 
modation, while the emmetrope for the same distance 
Fequires 3. D. For 3 inches, the myope of 3. D. only 
es the difference between his error and’ the 
yic value of 3 inches, which is ro D., while 
the Gynetrope requires the full amount for 3 
inches} i3°D, Then“again, the myope of-7 Di 
needs n sspmmodation whatever at his P. R. (1 
meter) an y requires 2’D. at 13 inches, :3 D. at.10 
inches, 12 D(a3 inches, etc. The rule for calculating 
the amplitude w yopes, is to subtract the dioptric 
value indicated Sie P. R. (the amount of the error) 
from the dioptric vat padicated by the P. P., to find 
the total power of a modation. We sometimes 
measure the space betw the myope’s far and near 
point in inches and call AfAhis range of accommo- 
dation. You must be carefu to confuse this with 
the amplitude, as they are n e same. The ampli- 
tude is expressed in diopters and Q; range, in inches, 
centimeters, etc. 7 


mm 
amama a nna 


TEA 


can Rights Reserved by W. B. Needles). 


Accommodation in Hyperopia. 


We have, thus far, been describing the amplitude 
of the emmetropic eye. We began by stating that 
accommodation was not necessary for looking at in- 
finity. This does not apply to hyperopes, however. 
It is a matter of coincidence that a principal focus is 
produced upon the fovea of the hyperopic eye by ac- 
commodation. Fig. 61 illustrated the fact that paral- 
lel rays produce cireles of diffusion upon the retina 
of the hyperopic eye. The eye does not permit this 
blur to continue because it may so easily procure a 
clear image by increasing the convexity of the crystal- 
line lens. In fact, in early infancy, when the hyper- 
opic eye first looks out upon the world, it sees paral- 
lel rays by the aid of accommodation. For this rea- 
son, such individuals rarely know that their eyes are 
other than normal. They are unable to detect it, as 
the eye which is mildly hyperopic can see fully as 
well and frequently better than the normal. There 
must therefore, be some plan by which to detect the 
presence of this error, other than by the subject’s 
vision. This we have, as you will appreciate later. 

If the diameter of the eball is too short by 1 
millimeter, parallel light en€gfye this eye will pro- 
duce diffusion circles, which ela plus:3 Ditens 
on Dot accommodation to €o If the convex 
lens is not procured, the eye will o se accommo- 
date, and it must continue this exerti O- moment 
that the eye is open, even though no be made 
to see objects nearer than 20 feet. no Ds n eye 
seeks to fix a point I meter distant, it must Ox. mo- 
date the 3 D. for correction of the hyperopia di- 
tion to 1 D. for the divergence of the ligh m 
meter distance. It therefore follows that wher 
emmetropic eye uses 1 D. accommodation, this e 
must use 4 D. Where the normal requires 2 D., as 
in fixing at 20 inches, this eye must use 5 D., etc. If 
the deficiency of the eye was one-third of a millimet- 
er, 1 D. of hyperopia would result and the eye must 
accommodate this amount for parallel rays and 1D. 
more than the emmetropic eye for all near points. 
Thus it will be seen that the hyperope of 1 D., who 
is capable of maximum distinctness of vision at 3 
inches, has 14 D. amplitude; 1 D. for his deficiency 
and 13 D. for his P. P. If it were not so he would be 


Fig. 64. 


unable to see so near. If his hyperopia was 3 D. and 


his P. P. 3 inches, his total amplitude would be 16 D.-: 
13 D. for his near point and 3 D. for his hyperopia. 


Hyperopia may, and of course should be, cor- 
rected, by placing before the eye a convex spheric 
lens as illustrated in Fig. 64. This drawing shows 
parallel rays entering the plus lens. If the lens were 
removed they ,would focus at PF. As it is, they 
enter the eye convergently and focus upon the fovea. 
If these rays should reflect from the fovea and leave 
the eye, they would travel divergently, as indicated 
by the dotted lines. Encountering the lens, however, 
they would be broken to parallelism. The dioptric 
number of the convex lens required to produce this 
effect is the same as the hyperopia with which the 
eye is afflicted. 


Accommodation in Myopia. 


If the eye should be over-developed (myopic), 
parallel rays entering it would focalize within the 
vitreous (Fig. 62). We have learned that the only 
way in which such an eye can have distinct vision, 
without artificial aid, is by moving the object up to 
point O. Correction of this error may be made by 
use of a minus sphere, as indicated in Fig. 65. The 
minus lens causes parallel rays of light to diverge 
sufficiently to cancel the over-pius condition of the 
eye. They therefore focus on the fovea affording 
vision for remote objects. If the eye be over-devel- 
oped 1 millimeter, the circles of diffusion would be 
so large as to require a minus 3 D. lens to correct 
them, 


Fig. 65. 


The myopif eye cannot correct its defect by ac- 


X 
Zo 


commodati 

is relaxed the cr 
made any thinner. 
modation would ofil 
the focus still farther Éo 


ine lens is static and cannot be 
it is already too strong, accom- 
e the blur worse by drawing 

rd in the vitreous cham- 


ber. 

The point to whic Gf necessary to bring an 
object before the myopic e e it distinctly, is 
the far point previously reler ey If the object be 
withdrawn beyond this point, dist vision would be 
impossible without the aid of a miffus . The: Latin 
name for this far point is punctum m, abbre- 
viated P. R. In calculating the amp 
myope, you will readily see that his P. & 
taken into consideration. It does not requir 
accommodation for the myope to see at 13 in 


does for the emmetrope ; in fact, if the myope ha 
of error, the 13-inch point is in conjugation with, A 


Cine that when the ciliary muscle 
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CHAPTER V 


PUNCTUM REMOTUM-FAR POINT-P.R. 


I. THE REFRACTIVE CONDITION of the eye when at rest is 


called Static Refraction (S.R.) 


II. THE P.R. GIVES THE S.R. OF THE EYE. 


III. DEFINITION OF P.R.: A point in conjugation with 
the retina when the eye is static. 


IV. PUNCTUM REMOTUM (P.R.) IN EMMETROPIA IS ALWAYS AT 
INFINITY (CANNOT BE MEASURED). 


V». THE P.R. IN HYPEROPIA IS ALWAYS NEGATI 
MEASURE VALUE OF THE ERROR). x$ 


(THE LINEAR 


VI. THE P. R. IN MYOPIA IS ALWAYS PO Qi (THE LINEAR | 
MEASURE VALUE OF THE ERROR). xO 
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Accommodation. 


We learned in Lesson I that the divergence of 
light increases as objects are approached. If you 
wish to test the effect of this upon vision, step to a 
window which has a screen before it and look through 
the screen at some object across the street. The 
screen is scarcely discernable. Now fix your atten- 
tion upon the screen and notice how completely the 
distant object is thrown out of focus with your fovea. 
This test demonstrates that the eye cannot see clearly 
at more than one distance at a time, and that in some 
manner, it must readjust its focus every time it 
changes its fixation distance. It was long ago demon- 
strated that the crystalline lens of the eye is able to 
change its focal strength, and this act is known as 
accommodation—meaning to accommodate or adapt 
the refracting power of the eye to light waves from 
spacial objects at different distaiices. 

To understand this function, one must be familiar 
with the mechanism by which it is accomplished. 
Turn once more to Fig. 59 in the last lesson and 
observe the following parts: First, note the crystal- 
line lens (12). This lens is formed of transparent 
« layers, similar to an onion, and these layers have great 
elasticity. Because of this elasticity, the lens con- 
stantly tends toward the shape of a sphere. 

It is enclosed in a capsule, to the periphery of 


which is attached the anterior portion of the sige 


pensory ligaments. These ligaments are formed OF 
division of the hyaloid membrane. They are 
pronounced tension and as they also are cas ióN ey 
exercise an outward pull upon the lens in RS f its 
meridians which usually keeps it fl Q EANN 
suspensory ligaments may be seen in t réwing en- 
closing the space (15). The lanio euts Canal 
runs entirely around the periphery the lens as a 
bicycle tire surrounds its wheel. 
The crystalline lens cann 
form except when the outw, 
ligament is overcome. V the lens of a young 
persons is removed it will Pe seen to bulge out, and 
become more convex theJinstant the suspensory liga- 
ments are severed. No. 8 in the drawing is a cross 
section of the HS muscle, comprising radiating 
and annular fi This muscle surrounds the lens 
as the rim RAN Tee! surrounds the hub. In contrac- 
tion it serie same office as the draw string in 


the mouthyof*’a bag. By closing in, the annular fibers 
redcaeRyize of the muscle and hold it from reced- 
ing 35 the radiating fibers, by shortening, pull the 


sume its spherical 
l of the suspensory 


su sory ligaments forward. Thus is the tension 
out of them, their power to flatten the lens 


ercome, and the latter is permitted to assume a 


i a e e- 


| 


into the aqueous chamber, its g 


more spherical form, much as it would if the fibers 
were actually severed. 

The curve of the lens is in this manner strength- 
ened and its focal power increased. Now observe 
Fig. 63, which shows, by the dotted lines, how the 
crystalline lens appears after accommodation loosens 
its suspensory ligaments and permits its convexity 
to increase. When the ciliary muscle relaxes, the 
elasticity of the suspensory ligaments causes them 
once more to tighten up and draw the lens back to the 
form illustrated by the solid lines. 

Let us study this mechanism in action. The eye 
desires to fix on a near object, such as a book held 
inthe hand. This necessitates the focalizing of diver- 
gent rays of light. Nervous energy is sent to the 
ciliary muscle. This muscle, drawstring 
like, responds by tightening up in coil-like 
fashion, compelling the suspensory liga- / 
ments to sag and permitting the crystalline / 
lens to become sufficiently convex to bring { 
the book into conjugation with the fovea. $ 
Next it is desired to fix on some object at ¥ 
a trifle greater distance. A portion of the 
nerve impulse is withdrawn from the ciliary 
muscle. The suspensory ligaments pull _. 
outward correspondingly, and cause a par- Fig. 63. 
tial flattening of the lens. Then parallel rays are to 
be fixed when all of the nerve stimulus to the ciliary 
is suspended, it relaxes completely and the suspensory 
ligaments pull the lens back tg its weakest curvature, 
thus displaying the least #€fractive power of which 
the dioptric system is capabl 

Because of the density op vitreous body, the 
crystalline lens in accommodati onvexes forward 
t increase of 
curvature being made on the anteri Os 


Helmholtz and Tscherning Theories @ 


The above theory of accommodation is t€ ye 
by 
nearly all authorities. Another theory is 
Tscherning. Briefly, this theory holds that the © 
talline lens comprises two parts: a nucleus, whi 
cannot change its form, and very flexible, super- 
ficial layers. It is asserted that accommodation re- 
sults from an outward pull of the suspensory liga- 
ments, causing. the flexible layers to be increasingly 
convexed around the denser nucleus, while the area 
near the periphery, which is concealed by the iris, be- 
comes concave. According to Tscherning’s reasoning, 
contraction of the ciliary muscle increases the tension 
and outward pull of the ligaments with the afore- 
mentioned result. 


Over-Accommodation. 


You have often experienced a feeling of ex- 
haustion or tiring of the eyes in prolonged close 
work, and if you take fine print and endeaver to hold 


it as close as you possibly can and continue to read 


it, your eyes will quickly begin to ache. The reason 
for this is obvious, now that we understand that 
accommodation is the product of muscular activity. 
The ciliary muscle, like every other muscle in the 
body; is subject to the law that ‘over-stimulation 
brings fatigue.’ This eye pain is known as asthenopia 
and is one of the first symptoms of eye strain. How- 
ever, overstrain of the eyes does not produce discom- 
If the muscles.ar: iciently 


{orb~in_every case, 


strong they remain comfortable except when the de- 
mands made upon them exceed the bounds of reason. 


No Accommodation for Infinity. 


The emmetropic eye, fixing parallel rays of light, 
is under no necessity for accommodation, therefore, 
at such times its crystalline lens and ciliary muscle 
are Static, i. e., the muscle is relaxed and the lens is 
the thinnest it is possible for it to become. When it 
becomes necessary for this eye to fix on objects 
nearer than infinity, accommodation begins to act and 
increases as the object approaches. 


Punctum Proximum. 


Let us presume the eye is fixing a book held at 

a distance of one meter from its nodal point. Light 
from the book must be brought into conjuga- 
tion with the fovea, and to accomplish this, the 
dioptric power of the eye must be increased 
sufficiently to cancel the divergence of the rays. 
As: ithe divergence’ irom one, meter is rD othe 
power of the crystalline lens must be increased 1 D. 
We therefore say that it requires 1 D. of accommoda- 
tion to bring the fovea into conjugation with a point 
one meter distant. This signifies a definite change 
in the curvature of the crystalline lens. If the book 
be brought up to one-half meter, the eye to see it must 
accommodate 2 D. At one-third meter, 3 D. of accom- 
modation are required, and thus it increases until the 
point is reached where, if the book be brought any 
nearer, it cannot be distinctly seen. This point is 
called the near point. The Latin for this term is 
Punctum Proximum, abbreviated P. P. It is the point 
which is in focus with the retina when the ciliary 
muscle is contracting to its utmost.@ If we say the 
P. P. of a certain eye is at four inches, it signifies that 
the nearest point with which the fovea can be brought 
into conjugation is four inches in front of the nodal 
point. We measure this in inches and convert it into 
diopters, by dividing the distance into 40. In the 
preceding case it amounts to 10 D. If the P. P. is at 
three inches, it proves that 13 D. of accommodation is 
all the eye is capable of, because three inches is one- 
irteenth of 40 inches. If the P. P. is at ten centi- 
s, the eye is capable of 10 D. of accommodation, 

se ten centimeters is one-tenth of 100 centi- 


m I meter). This maximum power of accom- 
mo is spoken of as the amplitude of accommo- 
datio if we say a certain eye has an amplitude 
OF: 5.-D).; ould at once know that the P. P. is 8 


inches or go cgntimeters in front of the nodal point. 
If the ampl*ffde ex 13 D., the P. P. is at 3 inches, or 7$ 
centimeters. Z, 
Dinfin 
One’s amplitude 
several things. First,, 
muscle has been subject 
muscle, thus increasing the a 
depends upon the condition o 
It is weaker in ill-health than Wien one is in good 
bodily condition; but more tharf al (se it depends | 
upon the age of the individual. The pQa?r of accom- 
modation begins to diminish at the ase ONIO years 
and lessens gradually during the succe years, 
until, in old age, it is entirely lost. After fy iod 
is reached, the eye cannot change its focus. as 
an emmetropic eye, it will now be like the c > 


Accommodation. 


Pire to sh depends upon 


gp e to which the ciliary 
f J&xercise strengthens the 


ttude. Secondly, it 
nervous system. 
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CHAPTER VI 


ACCOMMODATION. 


I. DEFINITION OF ACCOMMODATION: adapting the refractive 


power of the dioptric system of the eye to see clearly 
and distinctly inside of infinity. 


II. THE TWO MOST COMMONLY ACCEPTED THEORIES OF 
ACCOMMODATION. 


1. Helmholtz Theory. 
Under contraction of the ciliary muscles the 


suspensory ligaments relax and allow the anterior surface 
of the crystalline lens to advance with a decided increase 
of curvature. 
2. Tscherning Theory. < 
Under contraction of the ary muscle the 
suspensory ligaments contract more, cing the flexible 
layers of the lens to be EARS convexed around the 


denser nucleus. CR 
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CHAPTER VII 


PUNCTUM PROXIMUM-NEAR POINT-P.P. 


I. THE EMMETROPIC EYE DOES NOT USE ANY ACCOMMODATION 
FOR INFINITY. 


. II. IT HAS TO ACCOMMODATE FOR ANY DISTANCE INSIDE OF 
. INFINITY. 


III. LITTLE BY LITTLE IT REACHES A POINT WHEN IT 
CANNOT ACCOMMODATE ANY MORE. 


IV. WHEN THIS POINT IS REACHED WE HAVE THE P.P. 
near point 


V. DEFINITION OF P.P.: a point in High mye the 
fovea when accommodation is at its mN 


VI. THE P.P. GIVES THE DYNAMIC REF ON OF THE BYE 
AND THE AMPLITUDE OF ACCOMMO N. 


VII. IMPORTANT NOTE: NEGATIVE Qin HYPBROPIA: 

In hyperopia when thXamplitude of accommoda- 
tion is not sufficient to chrect the error the P.P. 
will be negative the amop@y in linear measure that it 
lacks to correct the oe 


A 


' Measure Amplitude. 


But suppose your test of a patient’s eyes con- 
vinces you that he is actually an emmetrope. You 
should then test his amplitude of accommodation. 
As stated in a previous lesson, this is done by finding 
his punctum proximum, and converting it into di- 
opters. If the presbyopia has progressed to an ad-' 
vanced stage, you may have some difficulty in locat- 
ing the punctum proximum. This task may be sim- 
plified, however, by placing before the eyes about 
-+1D. spheres. You will now have no difficulty in 
getting him to read the fine print and can accurately 
measure the nearest distance at which he can see one f 
line. You must not fail to deduct from the ampli- 
tude obtained in this manner, the power of the plus 
lenses which were given as an aid to his accommoda- 
tion. (In this case +1D.) When the amplitude has 
been determined, it becomes an easy matter to ascer- 
tain the proper lenses for use in reading. 


You must understand that no hard and fast rule 
can apply to this subject. A proper reading correc- 
tion for near work will vary according to the habits | | 
and peculiar needs of the individual, his occupation, k 
etc. One rule, however, may be taken as fixed, that 
is: The accommodation required for a ee cary 
tance should never exceed half the amplitude. A 
ing this rule in mind, we are enabled to select ee 
glasses which are adapted to the needs of eac 
dividual. 


Su 
in dealing with this type. The patie cupation 
must invariably be considered. I e vocations 
near work is held farther from eyes than in 
others. The bookkeeper must sionally see as 
far away as thirty inches, whil (Cf engraver demands 
maximum distinctness of vi t distances ranging 
from six to ten inches f s eyes. If glasses are 
fitted so as to provide ©} vision at ten inches, it 
would be impossible(fog“One wearing such lenses to | 
see with them at th ater distances, for the reason | 
that the normal é Or the eye wearing its ametropic | 


These varying needs cause all 


correction, ees r see distinctly beyond the prin- 
cipal focus convex lens. For this reason, the 
a SPSS SS have his reading glasses, so selected | 


that thei SS length will be as great as the farth- 
est di e at which his duties demand that he shall 
se eSe glasses would not be suitable, however, 


for sasks demanding a closer focus, as they would | 
| too much work for the accommodation. 
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CHAPTER VIII | 


| 
| AMPLITUDE OF ACCOMMODATION-DIMINISHING | 
ACCOMMODATION-RANGE OF ACCOMMODATION. | 


I. DEFINITION: 
The maximum accommodation of which the eye is 
capable. 


II. IMPORTANT DIFFERENCE BETWEEN THE EXPRESSION OF P.R»; 
P.P; and ACCOMMODATION. 


l. The P.R. and the P.P. are always expressed in 
linear measure. 


2. Accommodation is always expressed in dioptries. 


| III. THE AMPLITUDE OF ACCOMMODATION DEPENDS UPON 
SEVERAL THINGS: 
l. The use of the ciliary muscle. | 
2. The condition of the nervous system. l 
3. The age. | 
A. The greatest amplitude i AN the age of | 
10 yrs»; this gradually diminishes unt ee is entirely 
lost about the age of 75 yrs. | 
B. Table of a onder's) 


O Amplitude | 
14D j 


The first step, therefore, in measuring the eyes ` 
for reading glasses is to ascertain thé use which the 
individual desires to make of them. Fortunately, we 
may be guided in this largely by averages. The 
average reading distance is thirteen inches. People 
having long arms are an exception to this rule. For 
them, the average reading distance is sixteen inches. 
We, therefore, have these two standard distances by 
which to be guided; one of thirteen inches; the other 
of sixteen inches. The dioptric-value of ae first is 
3D., while that of the second is 2.50D. 

Understand that if the dioptric system of the 
| emmetropic eye be increased by 3D., its retina is 
| brought into conjugation with a point thirteen inches 
| in front of the nodal point. In youth this 3D. is sup- 
|| plied by accommodation without effort and, in fact, 
1 so long as the amplitude of the eye is not less than 
| 6D. it will be able to supply this accommodation 
easily and comfortably. This is in accord with our 
rule that the average demand on accommodation 
should never exceed half of the amplitude. 

Suppose, however, that presbyopia has de- 
veloped to the point where the amplitude is but 5D. 
The half of this amount is 2.50D. This falls short by 
.50D. of the dioptric strength required to measure up 
to the average of 3D. and it must therefore be rein- ~\ 
forced by the addition of +.50D. spheres. \ 

Take another illustration. Suppose the acc 
modation has diminished until the amplitude )Cwut 
2D. In this case, but 1D. accommodation ca de- 
voted to the requirements of vision in sus d ef- 
fort. The eyes ir this instance would 4b€ppfore re- 
quire the assistance of lenses which wh ombined 
with the 1D. accommodation, will Sriffg the total 
{| dioptric power up to +3D. Snee es will be the 
| difference between 1 and 3 or CG a: 


| | Now to apply our rule in e where the other 
| standard has been establishe okt of sixteen inches 


as the average worki istance: dioptric power, 
2.50D. A presbyope Whose amplitude is but 3D. can 


devote half of this E 1.50D. to sustained work. By 


Find Natural Distance. 


subtracting this 1 - from the standard, 2.50D. we 
get +1D. as th ength of the presbyopic reading 


glasses. S 
ps 
I 
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accommodation can be taken as 
about the same as at 10 yrs. 

2. The figures in the table show | 
the minimum amplitude which 
should be expected to be found 
in an emmetropic eye. 

5. As a rule the amplitude of an 
eye, especially in early life, 
is considerably higher than 
that given and the exceptions 
where the amplitude is lower 
are rare. 


IV. RANGE OF ACCOMMODATION. | 
1. Definition: Range of ot fe aan the space 
traversed by the conjugate as it is moved ey 
tion from the P.R. to the P.P. 
2. Range of accommodation of an (K hetropic eye: 
From infinity to the positive P.P. xO 
Se Range of accommodation NA hyperopic eye: 
From negative P.R. to positive gative P.P. 
4. Range of accommodat is of a Myopic eye: 
From positive P.R. to positi P.P. 
Note: The my eye is the only one that i 
has Qi l range of accommodation 


ccommoda- 


tha n be expressed with a single 
> r because in this eye both P.R. 


-1G— 
Notes: 

. l. No statement of the amplitude 
of accommodation before the age 
of 10 yrs. is obtainable but 

d P.P. are positive. 


which each eye must turn toward the other in 
that the visual axes may cross at a distance 
meter. If the axes are to cross at one-hg Wocter in 
front of the eyes, the convergence requi ed) 


ti. d 


Convergence. 


We have called attention elsewhere to the fact 
that the retinae are exact duplicates of each other and 
that practically every nerve cell in the right eye has 
its counterpart in the left eye, so that when images 
of an object are formed upon corresponding por- 
tions of the two retinae the brain takes recognition of 
but one object, through fusion of the images. If the 
images be upon other than corresponding portions of 


the retinae they cannot be fused anå two dis- 
tinct sight impressions are registered in the brain. 
This condition is known as diplopia. 

When light from an object in space falls upon 
the fovea, the eye is said to fix that object. When 
both eyes fix an object, as they must to have single 
binocular vision, the pupil of each eye is directed so 
that light, starting from a single point on the object, 


may enter each eye on its axis. This necessitates a 


turning of the eyes toward each other, a function 
known as convergence. 


Meter-Angle, 


The convergence required in a given case depends 


upon the distance at which the object is located. We 


have learned that 1 D. of accommodation is the amount 
required to focus on the retina light waves from a 
distance of one meter. The meter also provides the 
unit of measurement for convergence. 

The meter-angle, abbreviated M. A., serves thj 
purpose. I M.A. of convergence signifies the am 


one 


buld be 


2M. A. One-third meter, 3 M. A.; o$e-tenth meter, 
TOM AC. cte. To fix a point twoGeters distan’ 
would require 1/2 M. A. of OES vs Bae 6 meters 1/¢ 
M. A.; 50 meters, 1/50 M. A., “Oy 
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Amplitude of Convergence. 


We have learned that the amplitude of accommo- 

dation is determined by the nearest point of accom- 
modation expressed in diopters. In the same way we 
have an amplitude of convergence: the total converg- 
ing power. We test this by marking on a card a dot 
which the subject seeks to fix with both eyes while 
we move the card as close to his eyes as he can con- 
tinue to see clearly and singly. When the point is 
reached nearer than which, movement of the card 
would cause him to see two dots, measure the distance 
from the card to the eyes in inches or centimeters, con- 
vert it into meter-angles, and you will have the am- 
plitude of convergence. Thus, if the nearest point at 
which one can maintain single binocular vision be 
three inches, the amplitude of convergence would be 
13 M.A. If the near point of convergence is at two 
inches, the amplitude is 20 M. A. 
Now pause and try the following experiment: 
Hold up your finger and try to fix it with one eye, 
while the other points at some object across 
the room. This you find to be impossible. Then try 
another experi ent: Pixs on; as. point. (oF 
light or a small picture across the room and while 
continuing to look at the picture, try t verge the 
eyes. If you succeed you will find eo at the mo- 
ment the eyes turn all distant objec? grow blurred 
and indistinct. This blur is caed by .your ac- 
commodation which is now yofRing, thus changing 
the focal distance. This de rates that a close re- 
lationship exists between Dion aon and con- 
vergence. When we mak@any attempt to accommo- 
date our eyes, it is na for them to converge also. 
Whenever we have Rion to converge them, the 
natural thing is f commodation to operate in con- 
nection with theggonvergence. Normally these funee 
tions are alwagneeded in this relationship, 
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CHAPTER IX 
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CONVERGENCE. 


|- 


I. DEFINITION: 

Convergence is the act of turning the visual axes 
toward each other so that light from a single source may 
fall upon the fovea of each eye inorder to secure single 
binocular vision. 


re er eee OO. ee RCO 


II. METER ANGLE: (M.A.) 

The meter angle is used to measure convergence; 
when the visual axes cross the median line at the dis- 
, tance of one meter, its convergence is recorded as 1 
| meter angle (M.A.) 
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ITI. FAR POINT OF CONVERGENCE: 
It is the point to which the visual lines are 
directed when convergence is at rest or at its minimum. 


IV. NEAR POINT OF CONVERGENCE: Re 

It is the point to which the visu@y~lines are 
directed when the eyes are turned inwa to their utmost 
degree. 


iN ACCOMMODATION: 
ordinately with accommo- 


V. RELATIVE CONVERGENCE: AND RELA 
1. Convergence operates 
dation. 
2. For every pert accommodation 1 M.A. of 


convergence is used. . 
3. But this is AF tru for optically normal eyes. 


4. Accommodat, d convergence may work separate- 


ly. 

5+ The hyp ic eye has to accommodate without 
converging if {Owant s to see clearly and distinctly at 
infinity, ore, the hyperopic eye uses relative ac- 
| commodatio 
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Relative Convergence. 


There are conditions where it is necessary to con- 
verge the eyes without using accommodation. This 
we have in every case of myopia. To illustrate this, ` 
let us take a case of myopia of 3 diopters. Such an 
eye has its far point at 13 inches; and when this in- 


dividual attempts to read at this distance, his 


eye must remain static, as his fovea is in conju- 
gation with this point to begin with. However, he 
must converge his eyes 3 meter-angles in order to 
have single binocular vision. He dare not accommo- 
date, as this would put his eyes out of focus. If he 
can see at the 13-inch point with distinctness, we 
would have proof that he is using 3 meter-angles of 
convergence, without using any accommodation, and 
this we would designate relative convergence. 


Relative convergence is also known by the term 
adduction, meaning “to pull together.” The power 
of the eyes to pull toward each other is much greater 
when accommodation is not restrained. For this 
reason, convergence is more efficent than adduction. 
More will be said on this subjectxfater. 


The relative convergence of emmetrope may 
be tested by placing plus lens efore his eyes and 
holding a card bearing BO at the principal 
focus of the lenses. If he not read the print, it is 
because his accommodat is not static. This is 
proof that he is using vergence instead of adduc- 


|. tion. If he can see ine print, it is proof that the 


n Saad A der restraint and his eyes are 
turning in to fix\the card by aid of relative converg- 
ence, Of addon. 


Relative Accommodation. 


We would not have you make the mistake, how- 
ever, of assuming that these functions never work! 
separately. There are ametropic conditions where 
accommodation is used while convergence is held un- 
der control. This would occur in hyperopia where ac- 
commodation is required to give distinct vision for) 
distant objects. Any convergence at such times would 
produce diplopia, and as this is distasteful, the two 
functions are disassociated from each other in these 
cases so that accommodation may provide a clear 
focus while convergence is inhibited from interfering | 
with single binocular vision. Accommodation used 
in this manner is called. relative accommodation. We 
may test one’s relative accommod edn by holding 
before his emmetropic eyes the ENE concave 
lenses with which he can conti to read the test 
card, at a distance of twenty t, without diplopia. | 
The concave lenses cause light rays to diverge 
so that the dioptric systefy Cannot focalize them on 
the fovea except by the Ñe of accommodation. The 
accommodation is of same amount as the con- 
cave lenses. Se if one can focalize parallel | 
rays through — . lenses without double vision, ` 
his relative accomodation is 2 D. If through — 3 
D. and no stray@er, his relative accommodation is 3 D. | 
AeA he reason he would be liable to ex- 
perience ble vision when the power of the lenses 
exceeds\a certain amount, is that any effort of ac- 
com ation creates a tendency toward convergence 

an hen the limit is reached beyond which this 
ates can be no longer restrained, diplopia 
Opiust accompany further increase of accommodation. | 
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6. Definition of relative accommodation: 
Accommodation without convergence.» 

7. The myopic eye has to converge without using 
accommodation to see clearly and distinctly at its P.R., 
therefore, the myopic eye uses convergence without ac- 
commodation. 

8. Definition of Relative Convergence: 

Convergence without accommodation. 

9. Important statements: 

1. We accommodate to prevent diffusion. 
2e We converge to prevent diplopia. 


| 
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SUBJECTIVE TESTING 


LESSON 15 


(All Rights Reserved by W. B. Needles). 


ASTIGMATISM. 


What has been said in preceding lessons con- 
cerning the dioptric system of the eye would lead 
to the belief that it is always spherical. While it is 
true that it always should be of this form, the fact 
remains that over 65 per cent of all eyes have a more 
or less deformed cornea. We do not mean that the 
cornea is often irregular, but merely that in many 
cases it is ellipsoidal rather than spherical. When 
the cornea of the eye is normal its surface is like that 
of a globe, but when faulty, it resembles somewhat 
the edge of a door knob, the surface of an egg or of 
an automobile tire. You are aware that the latter sur- 
face comprises two principal curves, one at right 
angles to the other. One curve, with a long radius 
runs around the tire, concentric to the wheel. Op- 
posite to it is a curve of short radius which runs 
crosswise around the tire. 


As a spherical lens produces a single focus of 
the light which passes through it, because of the fact 
that all of its meridians have equal curvature, it fol- 
lows that any transparent surface having varying 
radii of curvature, would be unable to create such a 
focus. In fact this surface would produce upon light 
an effect similar to that of pound lens. 


aaa astigmatism, 


This condition in the e 
a Greek word, meaning “witho 
tigmatic eye is unable to focali ht at a single 
point, it must be corrected with pkofeg glasses be- 
fore distinct vision is possible. Of c Oo is not 
literally true where the astigmatism oy ht, but 
even these cases should be corrected in eyo re- 
lieve the strain of over-accommodation. O 


int.” As the as- 


Usually Congenital. 


Astigmatism ıs usually born in the eye. It 2O 


however, occur from other causes such as pressure 
of the eye-lids, wounds or diseases of the cornea, but 
these cases are infrequent. It is a matter of some 
significance that the strongest curve of the ellipsoidal 
cornea is generally found to be the vertical meridian. 
It is as though lid pressure may have had something 
to do with altering its shape, and this pressure being 
applied from above and below during the formative 
period, the vertical curve was strengthened, while 
the lesser pressure in the opposite meridian, permit- 
ted it to flatten out slightly and become weaker. 


Be the cause what it may, the majority of astig- 
matic eyes have greater strength in the vertical 
meridian than in any other and are weakest in the 
horizontal meridian. So commonly does this hold 
good that such astigmatism is said to be with the rule. 
If the horizontal meridian is stronger than the, ver- 
tical, it is against the rule. 


You may easily demonstrate to yourself the ef- 
fect of astigmatism upon vision, Place your finger 


against the lower part of one eye and press it firmly 
through the lower lid. Close the other eye and with 
the one that is being pressed, look at the astigmatic 
chart illustrated in Fig. 67. You observe that certain 
of the stripes appear to be distinct while the rest are 
blurred. Now shift the pressure to the side of the 
eye, when you observe the stripes change in appear- 
ance, those which were black, now appearing blurred. 
This inequality in the distinctness of the stripes is 
the test by which astigmatism is recognized, and we 
determine somewhat as to its character by the 
meridian in which the lines appear blackest. 


123. Astigmatism: A condition of the eye in 
which light emanating from a point does not form an 
image at a point after refraction by the dioptric sys- 
tem. Subdivisions, regular and irregular. 


Irregular Astigmatism. 


A variety of astigmatism known as irregular is 
that in which the cornea or lens has faulty curvature 
in one or more of its meridians. It is usually caused 
by distortion of the cornea, which accompanies the 
healing of a wound or ulcer. It cannot be properly 
corrected with any lens. Regular astigmatism, how- 
ever, may be corrected in every case and usually 
with great benefit to the patient. 


Big. 67: 


Fig. 68. 
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Regular Astigmatism. 


text-books describe many forms of astigma- 


tism, he only value to be derived from studying 
them is e attainment of a broader knowledge of 
the su hich is helpful from an educational 
standpoint. 


cerned, it m little difference as to the variety of 


astigmatism or the@pme it bears—your glasses should 
properly correct W if they do this they will be 
satisfactory to theep t 


Regular astigmat p ists in five varieties, all 
of which you must th ly understand. In a 
sense, these five are all $4 , inasmuch as all may 
be caused by the same typ Pe i 


Now observe Fig. 68. This o a condition 


in which the eyeball is of normal œe, but the cornea 


is deformed. The vertical meri sy a shorter 
radius than normal, while the horizo ridian has 
apparently been @lattened out so that dius is 
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CHAPTER X 
ASTIGMTIA. 


I. DEFINITION: 

Astigmia is a condition of the eye in which light 
emanating from a point does not form an image of a point 
after refraction by the dioptric system. 

Note: A person with an astigmatic defect 
is called an astigmope. 


II. GENERAL CAUSE OF ASTIGMIA: 


Anything which may alter the curvature of the 
cornea or lens or both. 


III. THE MOST IMPORTANT CLASSIFICATION OF CORNEAL ASTIGMIA. 
~ de Regular astigmias 90 nt) 
As Explanation: It is that form of astigmia 
in which, though the refraction in a meridiam is the same 
thruout, there is a difference in the am Nor refraction 
in every meridian; one meridian exhibit e maximum and 
the other the minimum refraction. T are called the 
principal meridians and are always © ight angles to each 
other. S 
B. Definition: Re astigmia, when the 
meridians of greatest and ledgt curvature are at right 
angles to each other. 
2. Irregular Asti Bp: That in which there is not 
only a difference of r ction in the different meridians 
but also in differe rts of the same meridian. , 


IV. TWO KINDS OF eA ASTIGMIA. . 
l. With @he rule or Direct Astigmia: 

en the astigmia is corrected by a plus 

cylinder XC axis from 60° to 120° inclusive; or by a 

minus oN Wer at an axis from 150° to 30° inclusive. 
Against the Rule or Inverse or Indirect: 
When the astigmia is corrected by a plus 
aaa at an axis from 150° to 30° inclusive; or by a 
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greater than normal. The light which enters this 
eye in the plane of the goth meridian focuses in 
front of the retina at the point marked goF. The rays 
of light which enter in the 180th meridional plane 
do not focus but are intercepted by the retina. The 
virtual focus of this meridian is at 180F. Thus the 
retina is between the focal points of the two meri- 
dians. As no single focal point is possible, this eye 
is astigmatic and as one meridian is hyperopic while 
the other is myopic, we call it mixed astigmatism. 


Sturm’s Interval. 


You will also observe that the space which 
separates the focal points of these two principal 
meridians, bears a definite name: Sturm’s Interval. 
It is this interval which measures the astigmatism, 
To correct it we must place before the eye a cylinder, 
the strength of which equals in diopters the differ- 
ence in power between the principal meridians. 

Either a convex or concave cylinder may be used 
for any case of astigmatism, but the axis must be 
properly placed for the kind used. If a convex 
cylinder be used before this eye, its axis must of 

| necessity occupy a vertical position, so that its curve 

| may increase the power of the horizontal meridian 

| sufficiently to bring 180F forward to goF. If, on 
the other hand, a concave cylinder be employed, its 
axis must be placed in the horizontal meridian so 
that its minus curve may neutralize the surplus power 

| of the vertical meridian and thus lengthen the focus 

| sufficiently to place 90F at the same point as 180F. 
Either of these lenses will correct the astigmatism, 
but in either case a sphere must be used with the 
cylinder in order to put the focus upon the retina. 
In conjunction with the minus cylinder a plus sphere 
would be required, while if we use the plus cylinder 
it must be combined with a minus sphere. 


Fig. 69 illustrates a deformed cornea affixed to 
eyes of five different diameters. Suppose the eye 
had stopped growing when it attained the size indi- 
cated by Ri. As the retina is in front of both focal 
points the eye would be said to have Compound 

| Hyperopic Astigmatism, and should be corrected wi 


| a convex sphere combined with a convex Os 


| 
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were located at R2, it would in one 
ept the light at its exact focus. The 
other meridian is back of the retina, 
is condition is called Simple Hyperopic 
ism. It is corrected by a simple convex 


If the re 
meridian i 
focus 40. 


illustrates the eye grown tọ a trifle larger 


size. Its retina is back of one focal point and in front 
of the other. This constitutes Mixed Astigmatism. 
(Also illustrated in Fig. 68.) It may be corrected 
with a convex sphere combined with a concave cyl- 
inder of higher power than the sphere, or a concave 
sphere with a convex cylinder of higher power than 
the sphere, or a convex cylinder combined with a 
concave cylinder with axes at right angles. The first 
combination is the best. 

Retina R4 is so placed as to intercept the focus 
of the weakest meridian, causing the other meridian 
to be myopic. This illustrates Simple Myopic As- 
tigmatism, corrected by a simple concave cylinder. 

In R5 we see the retina located back of the focal 
points of both meridians. This illustrates Compound 
Myopic Astigmatism, corrected by a concave sphere 
combined with a concave cylinder. 

From this we see that all varieties of regular 
astigmatism may be produced by the same type of 
cornea attached to eyes of different diameters and in 
this sense, one variety is no more complicated than 
another. 

124. Varieties of regular astigmatism: Com- 
pound Hyperopic, Simple Hyperopic, Mixed, Simple 
Myopic, Compound Myopic. 


Correcting Astigmatism. 


The main question is what lenses are needed to 
correct astigmatism and by what procedure may they 
be found? 


As an introduction, Nt us say: it is self-evident 
that the greater the mg of facts which one must 
retain in his memor efmore important it is that 
they should be ON in systematic order. The 
refractionist af ucting an examination of the 
eyes, is comp to observe many matters at the 
same time, e can obtain a routine which will 
serve in g all cases, his work will be greatly 


simp]ifi€d) This is one of the strong points of our 
sys examination. We test practically every 


fer ametropia by the same procedure with a 
Re essential variations. 


In order that you may become thoroughly im- 
essed with certain important principles involved in 
this system, we shall review in detail all of the steps 
to be taken in measuring the five kinds of astigma- 
tism, even though to do so necessitates some 
repetition. 
Compound Hypermetropic Astigmatism. 


You recall the fact that the refractive condition 
of the eye is indicated by its vision. In a previous 
lesson we gave it as a rule that an eye with 20/10 
vision is practically sure to be hyperopic and could 
hardly have appreciable astigmatism whereas the 
eye with vision that is normal or poorer than normal 
may have sufficient astigmatism to require a cylinder 
or compound lens You will understand that the 


"more astigmatism one has the more blurred the vision 


of the naked eye; and where the vision is normal, but 
little of this error may exist. 

Let us assume that a patient is in the operating 
chair ready to be examined for glasses. 

The vision of each eye is 20/20. 

After completing all preliminaries, we cover 
one eye with the blank disc and place the +-3D. sphere 
in the front cell of the trial frame before the other. If 
this lens blurs all of the letters, you take the precau- 
tion of informing the patient that this blur is what 
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you desire; that you are not striving to see how clear 
you can make his vision, but are carrying out a defi- 
nite routine, the purpose of which is to give the exact 
measurement of his eye. Request him to keep his at- 
tention fixed upon the test-chart and to remain com- 
posed while you clear up the fog by means of other 
lenses which you will offer before his eyes. Start 
with the weakest minus and cancel the plus in the 
manner described for hypermetropia. You must be 
careful to avoid unfogging the eye too completely. 
As soon as you find the lens which permits a trifle 
poorer vision than he had with the naked eye, sub- 
tract its power from that of the + 3D. and place in 
the rear cell the plus sphere represented by the differ- 
ence. Remove the original + 3D. and replace it in 
the case. You are now ready to examine the eye for 
astigmatism. | 

To explain why this is the proper time to ex- 
amine for astigmatism, we must call your attention to 
the fact that the astigmatic eye is not often able to 
correct its error by accommodation. Sometimes this 
eye can accommodate so as to produce greater curva- 
ture in one meridian of the lens than in the other and 
thus correct its defect, but usually it can only accom- 
modate to bring one meridian or the other to a 
focus on the retina. To better understand this, turn 

again to Fig. 68. In this case the image is blurred 
| causing poor vision. By accommodation, however, 
the eye can shorten the focus of both meridians so 
as to bring 180F forward to the retina, While this 
would not give as perfect vision as if both meridians 
were correctly focalized, it would make considerable 
improvement, and in fact would enable the eye to 
read the normal line unless the astigmatism was as 
great as .75D. Now to return to our test. After un- 
fogging to the point of vision of the naked eye, we 
have a condition in which 180F is on the retina and 
90F is the breadth of Sturm’s interval in front of it. 
The vision in this case is the same as that of the naked 
eye and knowing this fact we have a clue as to the 
point where we should examine for astigmatism; that 
is, when we get on the strongest plus lens that will 
allow vision equal to that of the naked eye. 

We refer the patient to the astigmatic c 
which is placed upon the wall alongside the r 
chart, and question him as to its appearance į 
Moras; lease ‘select: the ‘stripe aN you 
appears plainer than any of the O Then 
after a moment add: ‘or are all of t ally dis- 
tinct?’ It may be that he will epoi there are 
several stripes which appear blagker than the rest, 
in which case have him designa? , and you then 
select the central one of the se Soar starting point. 
Note the number of this n and then make a 
mental calculation as to ridian which is oppo- 
site to it (90 degrees Y This second position is 
the point where the ax your correcting cylinder 
should be placed. e cylinder, when properly se- 
lected and placadø e trial frame, will improve the 
appearance og t tripes under its axis, rendering 
them as plain™gd distinct as the others. This cylin- 


der, howey, st always be concave. We never test 
with co Cys tinders, 
+ 


+ XN o Ascertain the Correcting Cylinder. 


k strength of the correcting cylinder is deter- 
ADY in the following manner: After selecting the 
K eridian opposite to the mọst distinct stripes on the 


O 
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astigmatic chart, take the —.25D. Cyl. from the test 
case and place it in the front cell of the trial frame 
so that its axis points exactly to the figure indicated 
by the blurred meridian; then inquire as to its effect 
upon the chart. If it causes all of the stripes to ap- 
pear uniformly distinct, it is the proper cylinder for 
this eye. However, if it makes some improvement 
but not sufficient to equalize the stripes, remove it 
and try in its stead a —.50D. Cyl., same axis, and ques- 
tion him again. If the stripes are now equalized you 
would know the astigmatism to be corrected. 

Call attention once more to the letter chart and | 
you will find the vision improved. In fact, it should 
be normal. Whether it is so or not, place the blank 
disc before this eye and test the companion eye in 
the same manner. Then uncover both eyes together. 
Should your patient be unable to read the normal 
letters be on your guard. His eyes are probably ac- 
commodating involuntarily. If you find, however, 
that he is actually under too much plus lens to see the 
normal line, you may cancel a portion of the spherical 
correction by holding —.25D. spheres before both eyes 
at once. This will undoubtedly improve the vision, 
and the correction may be changed to correspond to 
this strength. The next step in the test would be to 
equalize the vision in the manner described for 

‘hyperopia, making any necessary change in the 
spherical lenses only. 


Writing the Prescription. 


If you feel assure t there is no accommoda- 
tive spasm, such as cessitate the use of treat- 


d 

ment glasses, you AP now remove the trial frame 
from the patien ce and write the prescription 
from which aE ses may be ground. Be careful 
in handling rame to avoid changing the position 
of the cy™ s before you have made a record of 
the axi @ ch. Take a memorandum pad and put 
dow Ø. After this write the strength and sign 
of t here, which is in the rear cell of the frame 
oe he right side. Next, examine the cylinder and 
© e down its sign and power—the former is always 

nus. Examine carefully the meridian on the rim 
of the trial frame to which the axis of the cylinder 
points and record this also, taking care to avoid mis- 
take either in the matter of its location or of your 
record. 

Now beneath this put down O. S. and record the . 
strength of the lenses in the left cell of the trial, 
frame in the same manner. Take your prescription 
book and fill in the spaces on the order blank with 


- the formula for the lens required by each eye, but 


write your prescription in its transposed form. 

By the character of these lenses after transpo- 
sition, the refractive error which they correct is de- 
termined. If the lenses are convex spheres com- 
bined with convex cylinders, they are to correct 
compound hypermetropic astigmatism. After filling 
in the other spaces, indicating the desired form, 
thickness and general construction of the lenses for 
the finished spectacles, you are ready to send in the 
order and have them manufactured. 


Why Axis Opposite. 


In applying the preceding test you perhaps had 
occasion to wonder why the axis, the plane meridian 
of the correcting cylinder, should be placed over the 
blurred meridian of the astigmatic chart and should 
be able to render these stripes clear and distinct. 
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Perhaps your thought was that the meridian of great- 
est distinctness should have been the one to receive 
the axis so that the curve of the cylinder might cor- 
respond to the blurred meridian and perhaps clear 
it up. To understand the exact facts in this matter 
demands careful attention to the subject and you are 
requested to follow closely each detail of the expla- 
nation. 


Turn back to Fig. 69 and observe the form of the 
images produced upon each retina of the five which 
are shown. You will note that RI receives an image 
in the form of a horizontal oval. This image is cre- 
ated by light which emanated from a single point in 
space, entered the eye, and was focalized as shown. 
In this example the horizontal meridian is the most 
defective, therefore it causes the greatest diffusion 
of light from a single point. 


R2 receives light from a single dot also. In this 
case the horizontal meridian only is defective, yet 
the image appears as a horizontal line. Suppose the 
object from which the light came were a succession 
of dots formed as a horizontal line. The image would 
not be changed to any great extent except that the 
eye would see the object as being more than usually 
intense. On the other hand, suppose the object to be 
a vertical line. Every point of the object appears 


as a diffused horizontal line thus the vertical line 
appears greatly blurred. 
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R3 receives a circular image. The reason this 
image is in the form of a circle is that this eye causes 
as much diffusion in one meridian as in the other, 
though in one the light focuses before reaching the. 
retina, while in the other it is intercepted before 
focusing. 

R4 is at the principal focus of the horizontal 
meridian and the only diffusion is caused by the 
vertical meridian. The image of the dot is therefore 
a vertical line. Here again we see the distinct line 
is Opposite to the normal meridian, running parallel 
to the meridian of greatest defect. 

The astigmatic chart comprises a series of ra- 
diating lines arranged in many meridians. If the 
eye has equal power in all meridians, the stripes 
will appear equal. If the vertical meridian is normal 
and the horizontal defective, the horizontal stripes 
will appear more distinct than the vertical. If the 
vertical stripes appear more distinct than the hori- 
zontal, it proves that the horizontal meridian is the 
one that is in focus. Therefore, the correcting cylin- 
der must have its axis placed in this meridian. To 
prove this, take a + 2D. cylinder and look through 
it at the astigmatic chart. When you hold the cylin- 
der with axis horizontal, the horizontal stripes appear 
blurred; when the cylinder is held axis vertical, the 
vertical stripes appear blurred. Thus it is that we 
must follow the rule as given; place the correcting 
minus cylinder, axis vey to the blackest stripes. 
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minus cylinder at an axis from 60° to 120° inclusive. 


Note: Oblique Astigmia: 
Astigmia corrected by a plus or 
minus cylinder, axis between 30° and 60° or 
between 120° and 150°. 


V. THE FIVE VARIETIES OF REGULAR ASTIGMIA. 
1. Table: 
A. Compound Hyperopic Astigmia. 
B. Simple Hyperopic Astigmia. 
~ C. Mixed Astigmia. 
D» Simple Myopic Astigmia. 
j. E. Compound Myopic Astigmia. 
| 2. Definition and Explanation: 
A. Compound Hyperopic Astigmia. 
l a. Focus of both meridians back of the 
retina, at different distances. 
b. Image of a point: a horizontal oval. 
C» Correction in general ure sphere 
combined with_a convex cylinder. Q 


"B. Simple Hyperopic aati ge) 
n 


a. Focus of one mexi on the retina; 
` focus of the other meridian back o e retina. 


b. Image of a (Oip%S: a horizontal line. 
Ce Correctiorkin general: simple convex 


cylinder. 
C. Mixed Astigmi 
ae Foc one meridian in front of 
the retina; focus of her meridian back of the 
retina. 


oe of a point: a circle. 

. Ca. Corrections in general: 
c 1. Convex sphere combined with 
concave VRC greater than the sphere. 

N 2. Concave sphere combined with 
convex cylinder greater than the sphere. 

‘XO 3. Concave cylinder combined with 

comets cylinder with axes at right angles. 


eS 
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D» Simple Myopic Astigmia. 

a. Focus of one meridian in front of the 
retina; focus of the other meridian on the retina. 

b» Image of a point: a vertical line. 

ce Correction in general: simple concave 
cylinder. 

eg E. Compound Myopic Astigmia. 

&e Focus of both meridians in front of 
the retina at different distances. 

be. Image of a point: a vertical oval. 

c. Correction in general: concave sphere 
combined with concave cylinder. 


VI. INTERVAL OF STURM. 

1. Definition: the space which separates the focal 
point of the two principal meridians. 

2. Importance of Sturm's Interval: it measures the 
amount of the astigmia; only a cylindrical lens corrects 
its 


VII. PHYSIOLOGICAL ASTIGMIA: oS 
That which is the result of 
fection, not noticeable in ordinary VAN 
slight irregular lenticular astigmi 
cause stars, street lamps, etc. 


ich tends to 
hoot out rays and 


twinkle. 
S 


AMETROPIC PRESBYOPIA. 


Nearly every word of what has been said with 
reference to the correction of presbyopia in em- 
metropes, is applicable to all forms of ametropes. 
Those who have refractive error, such as would ne- 
cessitate the use of distance glasses,-must have two 
pairs or wear bifocal glasses. The hyperope of 20), 
for example, must wear +2D. for all general pur- 
poses; but if presbyopic also, these will not serve for 
reading vision. He must, therefore, have an entirely 
different correction for this use. The latter must be 
the sum of the lens which rendered him emmetropic 
(+2D.) combined with the plus spheres demanded to 
correct his presbyopia. At the age of fifty-five years 
he would need +2D. for distance vision and for his 
reading vision, +2D. combined with -+2.50D= 
+4.50D. 

An individual who has lost all power of accom- 
modation, is said to be presbyopic 3D. Should he 
merely require +1D. for reading vision, we would 
say he is 1D. presbyopic, or one-third presbyopic. 
2D. presbyopic, or two-thirds presbyopic, would 
mean that -+2D. is the proper reading correction. 

If the distance glasses are compound lenses, the 
presbyopic correction should be added in equal 
amounts to the spherical portion of both lenses. For 
example, suppose a presbyope of 2D. CAS 
following distance correction: 


O.D.+1D.S.—+.50D. Cyl. axis ON 
O.S.+2D. oe —+.50D. Cyl. ron 
When the presbyopic correctio +2D.S. is 


added, the prescription for the rei glasses would 
be as follows: 


O.D.+3D.S.D+.50D0Qy1. axis 90 
O.S.+4D.S.2D +. Cyl. axis 90 


The prescription XG ontains spaces in which 
may be written the fQXmulae of the reading or dis- 
tance corrections,/#§iJin filling in the spaces, both 
prescriptions are ered upon the same blank only 
when the slasg@are desired in the form of bifocal 
lenses. 

In s ases of myopia the presbyopic glasses 
are: to be of the same strength (plus) as the 
minus pwkeres which are required for distance vision. 
Inagyy cases the reading glasses neutralize the dis- 


tance? glasses and, in effect, the patient reads with 
sores Such people usually remove their distance 


Ww lasses and read with naked eyes. 


S | 
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127.. Presbyopia; old sight: partial or total in- 
ability to accommodate; due to stiffening of the 
crystalline lens. 

128. To correct presbyopia; divide the amplitude 
of accommodation by 2, subtract the quotient from 3, 
the remainder is the dioptric strength of the reading 
glasses. If a long range is desired, subtract the quo- 
tient from 2.50 to ascertain the proper reading glass. 


To Correct by Age. 


So uniformly does accommodation fail in pres- 
byopia that it generally can be followed as a satis- 
factory rule, to give all emmetropes, at the age of for- 
ty-five, a +1D.S. over each eye, for near work. This 
gives a far point of forty inches and a near point 
of about nine inches. To ascertain the latter, we 
add the +1D. to his amplitude at the age of forty-five 
(3.50D.), which gives +4.50.; the focal length of 
which is nine inches. 


These glasses will as a rule serve for three years, 
or so, when they must usually be increased about 
50D. By the time five years have elapsed and the 
age of fifty is reached, it is customary to give +2D. 
for reading. These cause the far point to approach 
to twenty inches, while the near point is at nine 
inches. We determine this by finding the focal point 
of the combined lens and amplitude for this age. For 
certain occupations this lens might prove trouble- 
some, as in the case of the carpenter or the black- 
smith, either of whom frequently desire ace 


vision at a distance of from 30 to 40 inches. these 
occupations, however, there is less need o clear 
focus at nearer distances, therefore, such @yWividuals 
usually get along permanently wit e weaker 


glasses first fitted. N 
At the age of fifty-five it is g O y found that 


+2.50D. is needed, and here 7O we find the range 


reduced, the far point now beia" sixteen inches and 
the near point about nine inp There would be no. 


occasion for changing th ses until accommoda- 
tio: + t practically sus Wed, after which the total 
strength of +3D. is eae) for those who read at 
the thirteen inch,@stance or +2.50D. for sixteen 
inches. We see, efore, that the strongest reading 
glass ever de éd by the emmetropic eye is +3D. 
and any app SS violation of this rule is due to un- 


corrected ao 
The Wes plan is to conform to rule 128. In this 


way t eading correction will always be the weak- 
est, h the patient can use without strain; thus the 
r is increased and annoyance reduced to the mini- 
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PRESBYOPIA. 


The constancy with which glasses should be worn 
is an important matter. By some it is believed that 


the patient should decide this for himself, but such 


is not the case. 


It is a noteworthy fact that there are few people 
who do not have an aversion for glasses. Nearly 
every one is more or less imbued with the idea that 
to wear them at all is a confession of weak eyes. 
Many actual sufferers strive to delude themselves 
and others, into the belief that their eyes are good, 
or at least good enough for them to get along with- 
out spectacles. While the people of this generation 


are fast changing their point of view on this matter 


and are coming to realize that in such questions they 
should be guided by reason rather than pride, the 
majority are still eager to at least compromise on 
when they should wear glasses. It is considered to 
be not so discreditable to wear glasses for close work, 
provided one does not use them for distance vision 
also. In fact, it is common opinion that the purpose 
of glasses is to aid sight; to render indistinct vision 
clear, and that so long as the vision is not faulty, 
there can be no need for glasses. 


aad (ies 
but experience no handicapfiy,vision and are en- 
tirely free from discomfort eyes except per- 
haps on using them for close 


Most people, therefore, who c o have their 


eyes examined, will expect to wear g only when 
reading or doing some other form ar work. 
This, of course, does not include myope thers 


who have poor distance vision. 


The refractionist must study all phase op this 


question so that he may advise his patients ints, that presbyopia is brought on by a diminution in 


gently upon the use of glasses. 


In a later lesson we will discuss the effects of 
eye strain upon the nervous system. At this time, 
we will merely say: Any hyperope of 1 D. or more, 
should wear his correction constantly if he would 
serve the best interests of his general health. There 
are, of course, many instances where violation of this 
rule is apparently attended with no bad results. The 
man who possesses a powerful physical organism 
may endure the loss of energy from uncorrected 
hyperopia and appear entirely free from symptoms 
of bodily disorder. Theoretically, however, this is 
unwise. The nervous capital of the body is subject 
to limitations. For every unit of nerve force which 
is withdrawn from it, one must be put back in re- 
turn to maintain a balance. Nerve depletion means 
physical collapse and nothing is more certain than 
the coming to every man of the day when he will 
find himself a nervous bankrupt, however carefully 
he may have husbanded his resources. It is a recog- 
‘nized physiological fact that those who are wasteful 
of their bodily forces, lower their powers of resis- 
tance to disease and detract from their comfort and 
efficiency. »In fact, we are told on good authority, 


R 


the patient. If he will wear them constantly, so much 
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that the indiscretions of early life must be paid for, 
with interest, after the age of forty. This certainly 
is true as far as the eyes are concerned. 


A subject may have good distance vision but if 
he suffers from headache, nervousness and other 
physical derangements, and your test shows eye 
strain, it is your duty to persuade him to wear his 
glasses constantly, even though he may protest that 
he desires them merely for close work. 


Many people will come to your office to have 
their eyes examined, believing the „entire cause of 
their difficulty to be in their advancing years. This 
fact grows out of the knowledge, common to every- 
one, that normal eyes lose their power to see near 
objects without a convex lens in old age. The con- 
dition which causes this failing of the focusing power 
of the eye, we shall study under the topic, Presbyopia. 


The word signifies old sight, and refers to a 
condition which becomes pronounced in all eyes, with 
rare exceptions, prior to the age of fifty years though 
seldom before forty. In a previous lesson we de- 
scribed the gradual failure of accommodation, which 
begins at the age of ten years and continues uninter- 
ruptedly until the function is entirely suspended at 
the age of seventy-five. 


Cause of Presbyopia. 


The cause of presbyopia is a gradual decrease in 
elasticity of the crystalline lens. The layers of the 
lens gradually stiffen so that when the ciliary muscle 
relaxes the tension of the suspensory ligaments, the 
lens fails to assume its more convex form as it was 
wont to do in youth. It has frequently been asserted 


the strength of the ciliary muscle, but most authori- 
ties declare this to be an incorrect opinion. The 
©: th of the ciliary muscle has not nearly arrived 

j aximum at the age of ten, the period when ac- 


co ation is most active. It is obvious, therefore, 
that age when presbyopia becomes troublesome, 
there ill a great deal of strength in the ciliary 


there 17 reason it does not contract with great- 
er vigor is, thay it would do no good, since the lens 
fails to res beyond a certain point. 

When pres 


line lens is static, 
possible. 


becomes absolute, the crystal- 
ny change of the focus is im- 
emmetropic it will now be 
rays as enter in parallel 
lines. The myopic eye is condition can see only 
at its punctum remotuntf. the hyperopic eye no 
distinct vision is possible €xc y aid of a convex 
lens. We say “distinct visio Pris eye can, of 


Ifthe 
able to focalize only 


course, see objects even though light from them 
forms diffusion circles upon th€ r When we 
speak of distinct vision we mean m distinct- 
ness such as makes it possible to see 

visual angle. 


e 
To repeat: presbyopia begins to sch ys he 
Ed 


mum. 


2h 
CHAPTER XI 
PRESBYOPIA. 


| I. DEFINITION: 


A condition, due to age, in which there is a par- 
tial or total inability to accommodate. 


II. CAUSE IN GENERAL: 


Presbyopia is due to the stiffening of the ere 
line lens. 


Note: this is known by the term sclerosis. 


III. AGE AT WHICH PRESBYOPIA MAKES ITS APPEARANCE: 
Presbyopia starts at the early age of 10 


yrs., but as a rule does not give trouble until about the 
age of 45 yrs. 


IV. ABSOLUTE PRESBYOPTIA. 


1, Definition: The eye is in a con eyo of abso- 
lute presbyopia when the crystalline len comes static 
and any change of focus is impossible. 


2. Consequences of Absolute P opia. 
A. The emmetropic eye N be able to focus 
only parallel rays of light. WV 
B. The hyperopic will not be able to 
have clear and distinct visi@y Re any distance. 


tinctly at its far point 


PRESBYOPIA IS NOT ERROR OF REFRACTION: 
It (Gy. physiological change, a natural 
i £ 


concomitant a all healthy eyes must suffer from it 


C. The AER will be able tọ see dis- 
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in the course ime. 
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early age of ten. Year by year the lens grow stiffer, 
thus diminishing the amplitude of accommodaticn, 
and, of course, causing the punctum proximum to 
gradually recede. 


In the table of amplitudes contained in a former 
lesson, we gave the accommodative power at the age 
of ten as 14 D. This signifies that within the eye 
at this age there resides the ability to increase the 
convexity of the crystalline lens so as to add 14 D. 
to its static refractive power. Year by year, this abil- 
ity lessens, but its loss is not observed by the sub- 
ject until the near point has receded to approximately 
his reading distance. When this age is reached, the 
subject begins to experience some dissatisfaction in 
vision. He may. not be cognizant of its cause, and 
persists in the effort to see as before. Accommoda- 
tion being involuntary, persists in its correction of 
the retinal image, to the point of fatigue. This soon 
results in eye pain, known as asthenopia. This type 
is called presbyopic asthenopia. Sometimes the in- 
dividual pushes his book farther away, thus easing 
up somewhat on his accommodation and affording 
temporary relief. Sooner or later, however, he is 
made to recognize that the time has come when he 
should procure glasses. 


Measure Static Refraction. 


When such a person calls at your office, he 
usually expresses the desire to buy a pair of reading 
glasses and informs you that he has no need of them 
for any other than near work. You must never take 
such a person at his word. He may be perfectly 
sincere in his belief that his distance vision is nor- 
mal, but on examination, not one case in a hundred 
will be found emmetropic. You must not attempt, 
therefore, to prescribe reading glasses in such cases, 
until you have made a thorough examination of the 
static as well as the dynamic refraction. This does 
not mean that to every person who comes for read- 
ing glasses, you are to sell distance glasses also. 
It means that you cannot accurately measure the read- 
ling glasses until you know that the eyes are emme- 
tropic or if they are not so, have corrected the 

ametropia. When such a case calls at your offi€y 

‘explain to him that while doubtless he could pr 
a pair of glasses with which to read, this Ro - 
ous practice and, while you have no parti re 
order 


to sell him distance glasses, neverthele 
to prescribe proper reading lenses, y examine 
his eyes for distance error and congideg the results 


of this test, in making your selectiote” After ascer- 
taining the correction necessas co es the eyes 
emmetropic, leave these lensat the trial frame, 
before his eyes, take a car evince small type and 
a tapeline or yardstick Nich to measure the 
different distances at NN the card is read. First 
hold the card at abo ty inches; firmly request 
him to keep his hands off of it, then gradually move 
it toward his ile he reads its text aloud, so 
that you ma sitive proof of the extent to 
which he capWdistinguish it. Bring the card toward 
i il the point is reached, nearer than 
Agatient cannot distinguish the finest type. 
ms distance in inches or centimeters. If 
than seven inches, you may prescribe, as 
glasses, the lenses which correct his 


it ¢ 

r 
: opia.. These will serve regardless of the age of 
DA htient. If he will wear them constantly, so much 
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the better, but if he insists upon using them merely 
for close work, he will find them satisfactory. As 
an illustration: Suppose the distance test reveals 
hyperopia of 1.50D. and suppose that with these 
lenses he is able to read an entire line of fine print 
as near as 6$ inches. Your prescription would call 
for nothing but the +1.50D. spheres to be used as 
general-purpose glasses. Let him understand that 
to insure best results they should be worn constantly, 
but if he insists on using them merely when reading, 
they will serve that purpose. You should advise him 
that you are aware of an error in his distance vision 
which in time will demand correction and it might 
be well to caution him against the mistake of blaming 
the glasses which he is getting for his poor distance 
vision, when that time arrives. 


Let us remark here that presbyopia is the great 
revealer which exposes multitudes of cases of refrac- 
tive error, where the patient has always supposed his 
eyes to be normal. The hyperope of any amount up 
to 2.50D. or possibly more, usually has good vision 
throughout his early life. If his health and habits 
are normal, he continues ignorant of the fact that 
his eyes are other than perfeg@ until the arrival of 
the time when the eromab a. which has operated 
throughout the waking moments of his entire life, 
begins noticeably to fail. From sheer inability to 
convex the crystalline lens, the focus which he has 
for years maintained on the fovea, begins to fade and 
in its stead comes a blurred image which he takes 
as evidence of failing, a sight from old age, over- 
work, or possibly ine health. When he comes 
to consult you reg, the purchase of glasses, you 
must take his nceived opinions into account 
and deal wit tactfully, while at the same time, 
presenting N in a forceful, but dignified manner, 

Yor the correction of his total error. 


= ANISOMETROPIA 


Ever since optometrists first began to test indi- 
vidual eyes, differences in refraction have been noted. 
This difference is known as anisometrapia.. The term 
signifies unequal vision, or literally, unequally meas- 
ured eyes. It refers to that condition, in which the 
eyes have unequal amounts of efror. \If One eye is 
hyperopic and the other myopic, so ee would 
describe the condition by the ter terometropia, or 
antimetropia, but for the purpoggs of this study we 
would consider all under theyvame, anisometropia. 
This condition is usually Se ital, hence the patient 


has, all of his life, been acg}stomed to it. He may, in 
fact, have never reali its existence. In small 
amounts the effect is t, but where the difference 
between the eyes is , the retinal images can hard- 
ly be fused and more defective eye will usually 
have been excl from the visual act. When the 
error of each is properly corrected, the image of 
the poor e forced upon the attention of the fusion 
center, a ereafter it can hardly be ignored. From 
experie the optometrist knows that these cases are 


aslo a great deal of discomfort which may persist 


as as an attempt is made to wear the glasses which 
d ctly correct each eye. The symptoms of distress 
Guy include headache, dizziness and double vision. 


Reason for Discomfort 


The cause of these unpleasant symptoms is the dif- 
ference in the strength of the lenses worn. This differ- 
ence has no effect so long as the patient looks through 
the optical center of each lens, but he is unable to do 
this when looking at the ground, or reading, or using 
his eyes in any manner which necessitates rotating 
them. The trouble grows out of the fact stated in a 
previous lesson that lenses are composed of prisms - 
and the farther away from the pole of the lens the eye 
turns, the greater the prismatic effect upon the light 
which enters in the line of vision. You recall that ob- 
jects seen through a plus sphere appear displaced to- 
ward the thin edge on the side of the optical center 
through which the line of vision runs. You also un- 
derstand that the amount of this displacement depends © 
upon the strength of the sphere, and since in aniso- 
metropia the correcting lenses are of different power, 


the displacement caused by looking away from the 
centers would not be the same in the two eyes. To 
illustrate the effect of this, suppose a case in which 
the right eye is hyperopic 5 D »nd the left eye is but 
2 D. hyperopic. The correcting. len&es)would be sat- 
isfactory so long as the patient 1 through the op- 
tical centers only, but when tempts to read he 
must lower his eyes to a io) n one centimeter be- 


low the optical centers. would also be true in 
looking at the sidewalk.o€ ðt the street car step. The 


effect would be to ca òr the eye which is looking 
through the 5 D. le&s, 5 A displacement of the object 
downward. The wearing the +2. D. would see 


between the s equal to. 3 A-prism, base up. This 
amount of ¢ ance of the vertical muscles would 
cause mÀ ír asthenopia and headache, if not actual 
diplopi n fact, at times, double vision must surely 
resul | 
+ Cdn prescribing for such a case various plans have | 


ae proposed. Many have suggested that it is neces- 


a tween the ets equa of but 2 A. The difference 


y to compromise somewhat in the correction by 
NS giving the better eye its proper lens and to the other 
eye as near full correction as the patient can tolerate. 


~\ What this might be could only be determined by ex- 

SO perimentation. Sometimes the custom is followed of 

Ò giving the poor eye a lens which has a power half way | 
between it and the better eye, then undertaking to in- i; 


x 4 crease this lens from time to time as the patient ac- 
XN quires the ability to overcome greater prism. 7 
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CHAPTER XII 


ANISOMETROPTA . 


| 

l 

| 

| 

I. DEFINITION: | 
Anisometropia is a condition in which the refrac- | 

tion of one eye differs from that of the other. 
! 


II. FREQUENCY: 

1. Anisometropia is the rule rather than the excep- 
tion and in fact we do not very often find a condition in 
which there is no difference in refraction. 

2. When this condition exists it is called 
isometropia. 


| 
- III. CLASSIFICATION OF ANISOMETROPIA: | 
l. Anisometropia in general: i 

) 

| 

i 


Different measured eye. 
2. Anisometropia as distinguished from antimetropia: 
. Unequally measured eyes: that á different 
amounts of the same error in the two eyes 
3. Antimetropia or Heterometropia © 
Different measured eyes: t is, one eye 


hyperopic and the other myopic or 9 ving axial 
ametropia and the other curvatur tropia-. 


IV. DIVISION OF ANISOMBTROPLIGS 


l. Low anisometropia; 
It includes Cheretices up to 1 or 2 D: 
equalization of the ret@pvive condition does not cause 
discomfort or confusi 


2. High ani sig opia: 


TEN eludes differences over 2 D: equaliza- 
tion of the, 
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active error is impossible. 
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ployed, 


-the patient’s eye and observing 
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CHAPTER LV; 


RETINOSCOPY. 


In an objective examination the operator asks no 
questions but makes the patient the object of his in- 
vestigation. Ocular tests are thus made by the use 
of light waves which have reflected from the inte- 
rior or exterior of the subject’s eye and entered the 
eye of the examiner, creating therein retinal images 
which impart the desired information. In optome- 
try many forms of objective examinations are em- 
including: observation of the patient’s phys- 
iognomy; inspection of the eyes and lids with a mag- 
nifying glass; examination of the fundus by aid of 
the ophthalmoscope; measurement of the corneal 
curvature with the ophthalmometer, estimation of the 
ocular refraction with the retinoscope, etc. 
` Perhaps the most comprehensive of any of the 
objective tests is that known as retinoscopy. This 
test has been accorded diffe names, such as ski- 
ascopy, skiametry, pupilos ad shadow test. 
test is made by reflecting 1 rom a mirror into 
Tlumination there- 
. To the ob- 
the eye un- 


in. This illumination is of imp 
server it occupies a place in the pu 


der test. Sometimes it is located in ne portion 
of the pupil, leaving the balance in x. The 
slightest tilting of the mirror causes it Cy: its 
position, As the illumination passes out of pil, 
its place is taken by shadow (darkness). I his 


shadow which gives the test its name, althoug 
examination we observe the illumination rather 
the shadow. 


Dark Room. 


Retindscopy should be practiced in a dark room. 
It is not essential to have total darkness, but suffi- 
cient to induce the patient’s pupil to enlarge and to 
render the illumination visible by contrast. It is nec- 
essary to have a good bright lamp, which provides a 
solid source of illumination. A small inverted gas 
lamp or frosted electric lamp with coiled filament 
will be found best. It is also advisable to cover the 
lamp with an asbestos chimney having a small open- 


‘ing fitted with a diaphragm to regulate the illumina- 


tion. 

The retinoscope may be either plane or concave 
and if the essential difference between their effects 
is understood, the result will be satisfactory with 
either. It is better, however, to employ but one kind 


in practice. As the plane mirror is generally pre- 


ferred, we will describe it first. 
Plane Retinoscope. 


In our study of plane mirrors, we learned that 
they reflected light without change in the relation of 
the rays to each other. If they are parallel before 
reflection, they will be so after it. If divergent, 


The: 


they will be divergent after reflection. Therefore, 
the divergence of the rays in Fig. 76 1s just as great 
when they encounter the eye beneath the lamp as if 
they had traveled the total distance from the lamp to 
the mirror, then to the eye, all in one direction. 

In Fig. 76 we see a divergent pencil, traveling 
first to the mirror, then to the eye. Some of this 
light enters the pupil and encounters the retina. It 
may focus there or it may not, according to the 
strength of the dioptric system, but this is of no im- 
portance, as in either case, it will illuminate the fun- 
dus. That portion of the fundus which receives 
these rays, constitutes what is known as the illumin- 
ated area, or light area. This is illustrated by the 
space between C and D in Fig. 76. Every point of 
the light area is a center of diffusion from which di- 
vergent pencils are thrown off. (Examples C G D) 
Some of these pencils pass out through the dioptric 
media and are refracted as they emerge from the eye. 
It is by these emergent rays that the operator may 
determine the refractive status of the eye under test. 
If the eye is myopic, the light emerges as a conver- 
gent pencil. If hyperopic, as a divergent pencil and 
if emmetropic, as a beam, all of this, providing ac- 
commodation is static. 


% 


g 


Fig. 76. 


ust Locate Conjugate Foci. 


There age a} number of matters with which we 
must be famNaaf before we can apply the shadow test 
successfully. W st understand conjugate foci. 


We must know tha 

or lens system, maf 

some other point upon t@e 
tem. Having one of the 
know how to locate the o AN e must employ our 
knowledge of certain fact fo i m ourselves of 
other facts which we seek to k 


Let us for a moment cons Give following 
analogy: _ Suppose one desires tof#megayre the un- 
known depth of a hole in the grot e has a 
measuring rod of a known length. iw od he 
thrusts down into the hole until it rests the 
bottom, then by the length of that portio 


ich 
projects out at the top, he calculates the Wia 


the hole; merely by subtracting that part above 


point on one side of a lens 
ked, by rays of light, with 
me axis of that lens sys- 
jugate points, we must 


e + 
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CHAPTER XIII 
RETINOSCOPY. 


I. DEFINITION: 

Retinoscopy may be defined as an objective 
method of estimating the refraction of an eye by re- 
flecting into it rays of light from a plane or concave 
mirror and observing the movement which the retinal 
illumination makes by tilting the mirror. 


II, SYNONYMS: 
1. Pupilloscopy 
2. Shadow test 
5. Skiascopy 
4. Skiametry 


III. LIGHT AREA OR RETINAL ILLUMINATION: 
The illuminated area on the retina which 
receives the light rays from the mirror. RAN 


The shadow is the sary Gros of the 


retina that surrounds the light RG) 


V. REAL MOVEMENT OF THE RETINA UMINATION: 
The movement of( jhe light area which 


What +t 
shadow movement. 


VII. POINT OF RSAL (P. of R.) 

1. 7 cal point of the emergent pencil. 

2 myopic far point created in emmetropia and 
bytiornpia’) a convex lens. 


IV. SHADOW: 


mE REFLEX OR PUPILLARY REFLEX: 
The red glow which appears in the pupil 


Ka the retinoscopic test. 


i surface of the ground from the total length of the 
< rod. Or possibly the depth of the hole was greater 


than the length of the rod. In this case, the dis- 
tance from the top of the rod to the surface of the 
ground added to the length of the rod, gives th 
depth of the hole. , 7 


The shadow test is made by a calculation no more 
complicated than this. The measuring-rod is repre- 
sented by the rays of light, not as they enter the 
eye, but as they emerge. A plus lens placed before 
the eye in such manner as to intercept this light, 


| causes the latter to come to a focus at some point in 


space. The distance of this focal point from the 
nodal point of the eye, compared to the principal 
focal length of the convex lens employed, provides 
the data by which the refractive status of the eye 
may be calculated. 


By way of illustration: Let us suppose a + 1D. 
sphere is used. Now if the eye under test is emme- 
tropic, the light which emerges from the pupil will 


| enter the lens in parallel rays and will focalize at 


the lens as a divergent pencil. 


tive, therefore it is Se 
` placed before the ey 


the principal focal point of 
the lens. (Fig. 77.) If the 
eye be myopic 1D., the light 
waves emerging from the 
eye would have + IC. and 
after passing through the 
lens, would emerge with 
+ 2C. and would focus at 
20 inches. (Fig. 78.) Hf 
the eye be hyperopic .50 D. 
the waves would emerge 
from the eye — .50 C. and 
after passing through the 
lens would have their curve 
changed to + .50 C. and 
would focus at 80 inches. 
(Fig. 79.) Again, suppose 
the eye is hyperopic 1D. 
The emergent waves would 
be — 1C. and coming out of 
the plus lens they would be 
rendered plane and travel 
through space asa beam. (Fig. 80.) If the hypeps 
be any amount greater than 1D. the light would Neg 


(Fig. BN 


Point of Reversal. O 


The focal point of the reste pencil of light 


is known as the point of reve nd it is the dis- 
Cyr seek to deter- 


oint unless it is posi- 
that convex lenses be 
he myopic eye, of course, 
has a positive oN but the convex lens may be 


tance of this point which 


mine. We cannot locaté.fWis 
jal 


used before t es also in determining the re- 
fraction. (Qee . 78.) 

Retino<copy, then, consists of estimating the re- 
fractive P) 


@ examiner’s eye must be in their path, and 


of the eye by the form of the light 


wave emerge from it. To see these light 


cannot determine their form except by the 


KAN 
$ ts which they produce upon his own retina. To 


understand these effects, you must know that they 
are in the nature of apparent movements of the illum- 
ination and shadow which appear in the pupil of the 
eye under test and which are caused by a slight tilt- 
ing of the mirror by the operator. Sometimes these 
movements correspond to the direction in which the 
operator tilts the mirror. Again they move opposite 
to it. In other cases no movement can be detected, 
regardless of the tilting of the mirror. Now study 
the following rules: 


136. Retinal illumination: The illuminated area 
which receives the light rays from the mirror. 


137. The shadow: The dark portion of the retina 
which surrounds the light area. All of the retina ex- 
cept that included in the light area is in shadow. 
(FC and ED, Fig. 76.) l 


138. The real movement of the retinal illumina- 
tion: The movement of light area which actually oc- 
curs when the mirror is tilted. If the mirror is plane, 
the light area moves in the direction that the mirror 
is tilted. ; 


139. Apparent movement of the light area: If 
the focal point of the emergent pencil is between the 
subject’s eye and the mirror, tilting the mirror 
causes the examiner to see an apparent movement of 
the light area against the real movement. Thus, if 
the real movement is up, the apparent movement will 
be down. If the focal point is at the exact nodal 
point of the observer’s eyę there will be no apparent 
movement, no matter h A mirror is tilted. If the 
focal point be farth ay than the observer's eye, 
or if it be negativ apparent movement will be 
with the real m teste 


oš Reversal: The myopic far point 
t of the emergent pencil. Created 
and hyperopia by a convex lens. 


Fig. 82. 
‘Using the Mirror, 


We will now study the phenomena caused by 
tilting a plane mirror inedifferent directions, while 
reflecting light from it into the eye. First note Fig. 
82. With the mirror held parallel to the eye, as in 
position B, one ray reflects from it through the nodal 
point of the eye, and it is by tracing this ray (the 
axis) that we locate the point of illumination on 
fundus. This ray encounters the mirror at B’ and 
forms its image on the fundus at B”. If the mirror 
be tilted back to position A, the point of illumination 
moves up to A”. It is now formed by a ray which 
strikes the mirror at A’ and reflects through the 
nodal point. When the mirror is tilted down to 


position C, the only ray which it reflects through the 
nodal point, 


is the one which encounters it at C’. 


- 


| begin practice as follows: 


j 


| 
j 
} 


| 


Tne point of illumination is at C”. With each 
change in the position of the mirror, the light area 
has moved in the same direction as the mirror, thus. 


proving rule 128. 
; > 


Experiment 1. Obtain a plane retinoscope and 
Hold the instrument with 
its handle against the cheek, the arm being in an 
easy position, close to the side. The mirror should 
rest firmly against the brow and side of the nose 
in a position which will bring the aperture directly 
before the pupil. Practice catching light on the 


Fig. 83. 


mirror and reflecting it in different directions until 
you learn to control the illumination. 


Schematic Eye. 


You should procure a schematic eye such as is. 
illustrated in the optical catalogs. Place this eye in 
a favorable position upon a table. Draw out the tube 
at the back until it is set at zero (emmetropia). 
Darken the room, adjust your lamp and try the fol- 
lowing: 


Experiment 2: Measure off a distance of 40 
inches, hold the mirror before your best seeing: eye, 
keeping both eyes open. Direct the light into the 


pupil of the schematic eye. You should now observe 


an illumination similar to that illustrated in Fig. 
83. The outer portion of the pupil is in shadow 
while the central part is illuminated. The cause of 


A! MM 
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Fig. 86 Qy » 
this is illustrated in Fig. 86. Adiy pencil 
originated at B’ emerges from th between 


the boundary lines X and N. The 
are stopped by the mirror, whi 
all between E and F, pass th? 
enter the operator’s eye. T 
pupil is in shadow becaus 

it enters the BEN 


egipheral rays 
the central ones: 
the opening and 

ter portion of the 
ght proceeding from 


Apparent Movements. 


Experiment 3: Tilt the mirror upward to posi- 
tion A, as in Fig. 87, by close scrutiny, you may 
see the light area move up also, causing the pupil 
to appear bright in its upper portion. The lower 
part is in shadow (see Fig. 84). We have learned 
that when the plane mirror is tilted up, the light 
area moves up also, thus in Fig. 87, the source from 
which emergent rays come is A’. These leave the 
eye paralicl to the axis, but the entire beam is di- 
rected lower, so that those rays which emerge from 
the lower port of the pupil are excluded by the mirror 
and only those which come from the upper portion, 
pass through the opening to enter the eye of the 
observer. 

Experiment 4: Tilt the mirror down to position 
C and you will note that the lower part ot the pupil 
becomes bright, while a shadow creeps in from the 


Fig. 87. 
upper edge to cover this portion. This is illustrated 


in Fig. 85 and the oy it is shown in Fig. 88. 


It will be observed. t hose rays which proceed 
ines M and N are visible to 


of the light between X and 


experiments, the illumination has 
w the mirror and as we know the 
of the light area is always with the 


Fig. 88. 


movements of the plane mirror, it is evident that 
in this case the apparent movement travels with the 
real movement, as well as with the mirror. 

When we observe the preceding effect we can- 
not know from this fact alone as to the refractive 
status of the eye. We only know that if this eye has 
a real point of reversal, it is located somewhere 
beyond the operator’s working distance. 


he mirror and refiected bark- 


OBJECTIVE EXAMINATIONS 


LESSON 21 


(All Rights Reserved by W. B. Needles.) 


SHADOW IN HYPEROPIA. 


Fig. 89 illustrates an eye that is .50 D. hyperopic. 
Light emerging from it, passes through a +1 D. 
lens. The rays leave this eye with divergence of 
50 D., but after passing through the +1 D. lens, 
they are .50 D. convergent. If uninterrupted, these 
rays would focus at a point 80 inches distant. They 
encounter the operator’s mirror, however, at 49 
inches. Only the rays between M and N are per- 
mitted to pass through the opening, therefore, the 
peripheral portion of the pupil is in shadow while 
the center appears bright as in Fig. 83. Tilting of the 
mirror will in this case produce movements exactly 
similar to those previously described. If the mirror 
be tilted back, the rays from the upper part will pass 
through the opening of the mirror, as in Fig. 87, 
while tilting the mirror down causes these rays to 
be shut off, as in Fig. 88. Thus the lower part is 
illuminated, while the upper is in shadow. in this 
| case also, the apparent and real movements are with 
| the mirror. 
| Experiment 5: Set the schematic eye so as to 
make it .50 D. hyperopic, place +1 D. before it and 
verify the above. 


Fig. 89. 


Movement Neutralized. 


NZ 


Now let us study the action of ination 
in an emmetropic eye with a +I sphere before 
ce 


40 inches. 
is eye parallel, 
e converted into 
odal point of the 


it, using a plane mirror at a dist 
(Fig. 90.) The rays emerge f 
pass through the -+1 D. lens, 
a pencil which focuses at 
_observer’s eye. In this ‘cht from all parts of 
the pupil, enters the SN the observer, causing 
the entire pupil to app venly illuminated. When 
| the mirror is VN i position A, the light area 


[moves up to A’ the pencil moves downward 
! until its foc AD: ”. The focal point is still 
l at the nodal gin? of the observer’s eye and conse- 
| e in the appearance of the illumina- 
y tilting the mirror. When the mirror 
Ownward to C, the illumination is still 


although the focal point of the emergent 
now at C”. The pupil still appears to be 


Dor If the mirror be tilted any farther than 


A or C, the emergent pencil will be intercepted by 
the mirror so that no light may pass through the 
opening and the observed pupil becomes instantan- 
eously dark. In this case no movement of the 
shadow is visible. So long as the illumination may 
be seen at all, it is equally distinct in all parts of 
the pupil, and when it disappears, it fades out, just 
as turning off the current from the electric lamp 
causes the light to be replaced by darkness. It is 
this phenomenon which the examiner seeks to detect, 
and he places lenses before the eye under test. trying 
different strengths until he discovers one which 
creates it. After the fact has been established, that 
light from the pupil is focused at the working dis- 
tance, the refractive status may be determined from 
the lenses which have produced this result. If these 


nan 


xS Fig. 90. 
are. +I is proof that the eye is emmetropic, 
as Ol Nefilel rays may pass through a +1 D. lens 
and a at the working distance of 4o inches, and 
pelle! rays emerge from the pupil of none but 
Metropic eyes. 
Experiment 6: Adjust the schematic eye as de- 


Qy scribed and demonstrate the preceding assertions. 


Reversing Movement. 


Experiment 7: Set the schematic eye so that 
it will register 1 D. of myopia and place before 
it, the +1 D., sphere. With the mirror in position 
B, as in Fig. 91, the illumination will be very similar 
to that shown in Fig. go, as all portions of the pupil 
are bright. When it is tilted, an interesting effect 
will be noticed. At position A, the upper part of 
the pupil will be dark, while the lower reveals the 
illumination. This is explained in Fig. 92. We 
know that tilting the mirror up causes real move- 
ment up, of the light area. The pencil which em- 
erges from the-eye and passes through the lens, has 
its focal point between the lens and the mirror, thus 
the rays cross +2 opposite sides of the axis so that 
those between M and N are caught upon the mirror, 
while those between X and M pass through the open- 
ing. The lower part of the pupil appears illuminated 
because the only rays which enter the observer’s 
eye came from this area. In this instance, the ap- 
parent movement is opposite to the real movement, 
as provided for in rule 1309. 


at your side. 

_ ject’s face and in the rear cell, befor, 
sert a +1 D. sphere. Cover one eyeWit 

| disc. 


slowly across the pupil, firs 


Fig. 93 illustrates the effect of tilting the mirror 
down to position C. In this instance it is the light 
which emerges between M and N which enters the 
operator’s pupil, and as this light has come from 
the upper part of the eye, entirely, the lower is left 
in shadow. In this case also, the apparent movement 
of the light area is against the real movement, prov- 
ing the eye to be myopic. A —1 D. sphere, placed 
over the convex lens, will neutralize all movement, 
creating an effect similar to that observed in the 
experiment illustrated by Fig. go. 


These experiments may be modified in many 
ways. It will be well to adjust the schematic eye 
so as to make it show all of the different amounts of 
hyperopia and myopia and study the movements of 
the illumination and shadow with each. It will also 
be instructive to set the schematic eye at zero and 
place many different lenses before it in turn, study- 
ing the effect upon the direction and speed’ of the 
shadow movement, the brightness of the illumination, 
and similar matters. Such practice will greatly 
broaden your experience in the application of the 
shadow test. 


Fig. 91. 


Examining Eyes. 


As soon as you have attained sufficient skill to 
neutralize different degrees of error in the schematic 
eye with test case lenses, you should begin experi- 
mentation upon living eyes. In selecting a subject 
for practice, note the color of the iris and size of 
pupil. If the color is not too dark and the pupil 
is large, the red-reflex will be more distinct. 


Seat your subject where he can fix his eyes upon 
some object at a distance of 15 or 20 feet an 
darken the room as much as possible. Adjust the 1 
so that its rays can not fall directly upo 
patient’s eyes. Your test case should be 
Place the trial frame up sub- 

WD pais in- 
the blank 
istance (40 

Pass the light 
hen down, and 
ement, the action 


Measure off the correct workin 
inches) and proceed with your a 


learn to judge by one suc 
of the shadow. It may 


eara great deal of prac- 
tice to train your ey AN tern this, but in time, 
| you should learn to acc ish it easily. 


| 
j 
| 
| 
| 


l 


f 


N 


Remember the If the movement is against 
the direction inay you tilt the mirror, the point 
of reversal isqins of your working distance and 
minus sphere uld be added to the original +1 D., 


starting wi e weakest and increasing by quarters 
until th ow is neutralized. 
z this lens is ascertained, its dioptric power 


LO) e amount of the myopia. The +1 D. lenses 


are not taken into account in prescribing for distance 
vision, as they constitute your “measuring rod,” being 
required to give the reversal at 40 inches after the 
minus lenses render the eye emmetropic. 


“Fogging System” Best. 


If you do not see decided movement against the 
mirror when you first pass the light across the pupil, 
you should insert a plus lens strong enough to pro- 
duce this action no matter what strength is required. 
You may start with a +2 D. If this is not sufficient, 
use +3 D., or whatever power is necessary. As 
soon as the movement is reversed, proceed to neutra- 
lize it with minus spheres, as described. When you 
have cancelled all movement of the shadow, trans- 
pose your findings, and prescribe. This is the “fog- 
ging system” applied to objective methods, and it 
is highly important, as there is as much probability 
of interference from accommodative spasm with this 
test as with any other. 


“st NM ne A 


141. mirror is used, the test 


When the pl 
may be made from ale stance which suits the con- 


venience of the PC) . The usual distance is 40 


inches. ka 

142. Whe h the plane mirror, the illumi- 
nated area, a adow appear to move against the 
mirror, a lens is needed to arrest motion. 


hen, with the plane mirror, movement is 
irror, plus lens is needed to neutralize 


I 
with (Ch) 
KO ; 
Some optometrists prefer the concave mirror, 
therefore, we will describe it briefly. Fig. 94 illus- 


trates this instrument being used to illuminate the 
fundus from three positions. 


Concave Retinoscope. 


In our study of concave mirrors we learned that 
they form real images, inverted and smaller than 
the object, located between the principal focus and 
center of curvature whenever the object is beyond 


Fig. 93. 
the center. With the concave mirror held in position 
B, a real image of the source of illumination is 


located in space at B’. This aerial image serves 


as the illumination and produces a light area with 
All of these points are on the 


its center at B”. 


Bite 


optic axis exactly as they are with the plane mirror 
in this position. 

When the concave mirror is tilted up to position 
A, the rays which encounter it and reflect through 
the nodal point of the eye are illustrated by the 
dotted lines. These form the image of the source 
at A’ after which they enter the eye and illuminate 
the fundus at A”. Tilting the mirror to position 


Fig. 94. 
C causes the rays to reflect so that only those which 
travel over the broken lines can enter the eye. 
These strike the lower part of the mirror, form the 
image at C’ and illuminate the fundus at C”. 


You will note that tilting the concave mirror 
causes a real movement of the illumination in 
a direction opposite to that in which the mirror is 
tilted. When the concave mirror is raised, the real 
movement is down. When the concave mirror is 
lowered, the real movement is up. For this reason, 
the apparent movements are opposite in direction to 
those caused by a plane retinoscope- This fact must 
be borne in mind when one begins practice with the 
concave mirror. 

144. When the concave mirror is used, the test 
must be made from some distance greater that the 
focal length of the mirror. 


145. When the concave mirror is used, the real 
movement of the light area is against the movement 
of the mirror. 


146. When, with the concave mirror, the illumi- 
nated area and shadow appear to move with the mir- 
ror, minus lens is needed to neutralize motion. 


147. When, with the concave mirror, movement 
is against the mirror, plus lens is needed to neutralize 
motion. 


148- When, with either mirror, no motion can 
be detected, the point of reversal is found. 


POPS 


cc 


EBIECITIVE EXAMINATIONS 


LESSON 22. 


(All Rights Reserved by W. B. Needles.) 


SHADOW-TESTING ASTIGMATISM. 


Astigmatism reveals itself unmistakably to the op- 
ometrist who is trained in the use of the retinoscope. 
In this error the pupillary reflex has a characteristic 
appearance always recognizable by one familiar with 
it. 

In preceding lessons we described the use of the 
plane mirror in measurement of axial ametropia. If 
you have been diligently working out the experiments 
and studying the principles, you should now have 
sufficient mastery of this method to be able to apply 
it to errors of curvature. 

In simple astigmatism, the pupillary area is crossed 
by a ribbon or band of illumination. (See Fig. 95.) 

The position of this band in- 

dicates the axis of the cor- 

recting cylinder. It is not es- 

à pecially difficult to correct this 

| band-like appearance and stop 

all shadow movement after 

one detects it. In some in- 
stances it is rather obscure. 


In our lesson on neutralization we learned that 
the cylindric element of a compound lens is more 
dificult to recognize than a plane cylinder uncom- 
bined with a sphere. Likewise, the eye which has 
simple astigmatism exhibits a pupillary reflex which 
presents a rectilinear contour much more marked 
than that of compound or mixed astigmatism. It i 
a more or less difficult matter to neutralize the 
lindric value of a compound lens until afte 
spherical portion has been cancelled, so 
operator may fail to observe the band of ill tion 
indicative of astigmatism, until after hg/MaXeutral- 
ized one principal meridian, with a sphéxe. JIf, there- 
fore, in the application of this test, fhe pupillary re- 
ex at first appears as a circle, it? not be con- 
clusive evidence that the eye i irely free from 


astigmatism. ‘ A 
d Principal SY 


as 


Fig. 


95. 
e 


As you first flit the across the pupil, you 

ay observe an uncertÑin movement of the shadow, 
Ineither with nor ag wa the mirror, but a sort of re- 
Wolving motion ould indicate that you are 
tilting your mi in a meridian somewhere between 
he maximu minimum curvature. You should 
endeavor te one or the other of the latter, then 


proceed pra it. 
A 


O 


Your first purpose should be to find the meridian 
of least error. After this meridian has been sor- 
rected, the other will continue to show motion, which 
may be stopped either by a sphere or cylinder. 


Applying the Test. 


The general rules laid down in preceding lessons 
should be followed until the preliminary stages have 
been passed. Measure off 40 inches and insert + 1 D. 
spheres in the rear cells of your trial frame. Cover 
one eye with the blank disk, place the fogging lens 
before the other, and pass the light across the pupil 
to determine if your fog is sufficient. Then proceed 
to cancel it with minus spheres, starting with the 
weakest and increasing. Continue to observe the 
movement of the shadow with each change. As soon 
as the power is reached which corrects the meridian 
of least error, the pugNlAry reflex will assume the 
banded appearance oqadi ive of astigmatism, and 
all motion will ce im the direction to which the 
band points. Tl the meridian at which the axis 
of the correctj linder should be placed: If the 
band occupi vertical position, your cylinder also 
must wap xis at 90. If at 45, the cylinder axis 
must b is meridian. As to the kind of cylinder, 
whefhe ncave or convex, we judge by the move- 

e J the reflex in the second principal meridian. 

the latter is against the plane mirror (unless the 
ing lens has been reduced too much) it may be 
pped by a minus lens. This should be a cylinder 
of just sufficient power to cause the second meridian 
to show maximum diffusion and absence of motion. 
Its axis should be placed to correspond exactly with 
the meridian in which the band first appeared. 


Fogging System. 


It is obvious then, that the correction of astigma- 
tism by shadow-testing resolves itself into the meas- 
urement of the principal meridians of the eye. For 
the purpose of simplicity as well as accuracy, we 
employ the fogging system in all cases, except those 
in which at the first test, movement is against the 
mirror in all meridians. In these cases, we know the 
eye is myopic and must, therefore, be corrected with 
minus spheres, to the point where motion in one 
principal meridian is neutralized. This will cause 
the reflex to appear diffused in this meridian, indi- 
cating it as the position for the axis of the cylinder 
required to stop motion in the opposite meridian. 
This cylinder is concave, of the least power which 
will neutralize motion. Because of the + 1 D. sphere 
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in the rear cell, no calculation is necessary to de- 
termine the correct lenses for constant wear. These 
would be the exact combination which cancels mo- 
tion in all meridians. 


Compound Hyperopic Astigmatism. 


Let us suppose a case requiring the following pre- 
scription: + 2 D. S. > —1 D. cyl. axis 180. If with 
+ 1 D. in the rear cell, a + 3 D. fogging lens be 
used before this eye, it will cause against motion in 
all meridians. As minus spheres are inserted to can- 
cel the fog, the pupillary reflex will begin to assume 
more and more of a banded appearance, until when 
the fog has been reduced to + 2 D., it should have 
the maximum distinctness. It will occupy the hori- 
zontal meridian. In the vertical meridian the motion 
is still against the mirror. By starting with a weak 
concave cylinder, axis 180 and gradually increasing, 
it will be found that a — 1 D. cylinder, axis 180, neu- 
tralizes the shadow in the vertical meridian and stops 
all motion. 


Simple Hyperopic Astigmatism. 


In a case requiring + 1 D. Cyl. axis 45, the test 
would be applied as follows: Place the + 1 D. sphere 
in the rear cell and sufficient plus in front to cause 
against motion in all meridians. Cancel this lens to 
+ 1 D. and the luminous band will appear, pointing 
to the 135th meridian. A — 1 D. Cyl. axis 135 would 
cause the entire pupil to appear luminous and stop all 
motion. This combination may or may not be trans- 
posed, as the operator prefers. 


Mixed Astigmatism. 


A certain case requires + 2 D. S. T—4D, Cyl. axis 
180. In this instance the luminous band should be 
visible before any lens is placed in front of the eye 
because the cylinder is stronger than the sphere. As 
in the other cases, insert sufficient plus sphere to cre- 
ate against motion in all meridians. This would 
be any amount stronger than 2 D. When the plus 
lens is cancelled to + 2 D. the band will become most 
clearly defined. It will occupy the 180th meridian. 
Begin offering minus cylinders, axis 180, and increas 


come circular and all motion will cease. 


to — 4 D. Cyl., when the illumination will have S 


Other Cases. NY 
Simple and compound myopic astig iQ pre han- 
dled in a manner similar to the foreg@in n these 
cases, however, the first test with the mefor will re- 
veal against motion and it will, the e, be unneces- 
sary to employ a fogging lens. AX 
Q.. 


Irregular As 


lor less difficult and the dow test is.no exception 
to this rule. Becauge\of the uneven curvature of the 
cornea or lens, ex does not appear equally 
clear in ail po Os he pupillary area, but is more 
lor less obscuy@%n some parts. The operator should 
lendeavor t ct that portion close to the center 

it is this part which is of greatest use 


of the pi 5 
tc PERV nt in seeing. The operator may find it 


Š 
LO 


Any measurement NN ar astigmatism is more 


necessary to vary his working distance in order to find 


positions where all portions of the reflex are clear. 


Concave Mirror. 


In testing all of the preceding conditions with the 
concave mirror, the operator must make allowance 
for the fact that with this mirror all apparent move- 
ments are opposite to the real movements of the light 
area, therefore, the same rules govern the use of this 
mirror in these cases as in the measurement of axial 
ametropia. 


149. Luminous Band: A band of light which 
appears in the pupil of the astigmatic eye when there 
is pronounced difference in the curvature of the two 
principal meridians. 


150. Pupillary Reflex: The red glow which 
appears in the pupil during the retinoscopic test. 


151. Fogging in Retinoscopy: Use of sufficient 
plus to bring the point of reversal for all meridians 
within the operator’s working distance, and cancelling 
with minus. 


DYNAMIC SKIAMETRY. 


All optometrists should be familiar with the sys- 
tem of retinoscopy, known as Dynamic Skiametry. 
The inventor of this system, Andrew Jay Cross, of 
New York, has studied the problems peculiar to op- 
tometry, for many years. He devised this method to 
increase the efficiency gf ‘and give added accuracy to 
drugless refraction. 

All methods of 
subjective, must_t 
eye, by accom 


sting, whether objective or 
into account the ability of the 
on, to alter its refraction. Dyna- 
mic Skiamet a test which seeks to control this 
faculty 4O: eye during examination, As the 
author “Dynamic Skiametry is the application 
of robi Sry under some kind of force. This force is 
nefna r one which is familiarly known as accom- 
ho n.” Static skiametry demands a relaxed ciliary 
Muscle, but, the dynamic method strives to induce 


( a¥commodation to act in definite amounts. 


The eye that for years has been over-accommoda- 
ting, is difficult to test because it usually persists 
in this act regardless of the lenses with which the 
operator strives to subdue it. Partial relaxation, 
however, may be accomplished in almost every case, 
therefore, in the dynamic method we engage the 
accommodation in focalizing at a near distance so 
that such relaxation as is possible may reveal the 
latent ametropia. 

In applying this test, the operator proceeds exactly 
as in the static method, except that he attaches to 
his brow, or mirror, a card of test letters and directs 
the subject to read these, silently, while the test pro- 
gresses. In this act the patient must employ both 
convergence and accommodation and because of the 
near relationship which years of associated use has 
established between these two functions, he will usuai- 
ly continue, in some measure, to use one as long as he 
employs the other. The operator places convex lenses 
before the subject’s eyes in an effort to relax accom- 
modation, but the convergent impulse tends to pre- 
vent this below the amount required for the fixation 


distance. Any accommodation, however, that has 
been used for the correction of hypermetropia, will 
the more readily relax for the reason that it becomes 
more of a burden when the eyes are fixed at near dis- 
tances, than at infinity. 

We have learned in previous lessons that it demands 
a greater effort to exert either accommodation or 
‘convergence by itself than both together, Place a 
ard over one eye of a subject and hold a pencil where 
e may fix it with the other. On peering behind the 
ard you will observe that the excluded eye is con- 
erging toward practically the same point as that 
hich its companion is fixing. Should it fail to do 
his, it is usually an indication of muscular imbalance. 
As accommodation of one eye serves to stimulate 
Accommodation and convergence in both, so conver- 
vence serves to stimulate accommodation. It is upon 
his acquired reflex that the inventor of Dynamic 
Skiametry relies to prevent over-correction of hyper- 
bpia when testing at the near point. 

The same dark room and lamp are required as for the 
static method. If you have not a Cross Dynamic Skia- 
bcope, you should procure a brow card to attach on 
your forehead and use your plane retinoscope. Do not 
Dlace the blank disc over either eye, as they must 
bperate in unison to insure the action of convergence. 
This is to be the dominating impulse, necessary to 
stimulate accommodation. After reversing the shad- 
bw at a distance of forty inches, you should move 
orward to twenty inches, keeping the patient’s gaze 
Hirected upon your fixation card. If at this distance 
h greater amount of convex lens is required to reverse 
he shadow, move forward once more to about thir- 


7%“ 


teen inches and test again. If the reversal at thirteen 
inches is accomplished with the same lens as at twen- 
ty, you would know the latent hyperopia had been 
exposed. 

Before prescribing, this test, as well as all others 
should be verified by subjective methods, and any 
necessary modification may readily be made. 

One must become thoroughly proficient in static ski- 
ametry in order to practice this method. This is pos- 
sible to every one who has reasonably good visual 
acuity. The only thing necessary, to the attain- 
ment of skill is that one shall honestly apply himself 
in practice, for a sufficient period of time. Those who 
do this will be amply repaid by the results. It is 
impossible to succeed with retinoscopy, however, with- 
out proper equipment. A good dark room is demand- 
ed. A bright light is also necessary. There is no 
occasion either to apologize for this fact. This is a 
test of precision and it cannot be performed with 
crude implements. There are those who ridicule this 
assertion, making the accusation that the test is inac- 
curate and that its exponents merely urge the neces- 
sity for precise instruments, as an excuse for ineffi- 
ciency of the method. Such attacks, however, are mere 
sophistry. The musician cannot produce harmony 
with an instrument out of tune. The engraver de- 
mands well sharpened gravers. In fact, every me- 
chanic insists upon the best tools obtainable. In like 
manner, it is folly to attempt an operation of such 
nicety as the neutralization of the dioptric system, 
without proper appliancesg Those who possess them 
and have learned to usgei\em are in no wise doubt- 
ful as to the value ofeSkiametry. 


© 
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IX. LUMINOUS BAND: 
A band of light which appears in the 


pupil of the astigmic eye where there is a pronounced 
difference in the curvature of the two principal 
meridians. 


X. THE TWO METHODS OF RETINOSCOPY: 


Ae Static skiametry 
B. Dynamic skiametry 


ee arr rg ee — 


LESSON 23. 


(All Rights Reserved by W. B, Needles.) 


OPHTHALMOSCOPY. 


The ophthalmoscope is an instrument designed for 
observing the interior of the eye. It consists of a con- 
cave mirror with a central aperture through which 
the operator may look into the pupil. . The mirror is 
so mounted that it may be tilted from side to side, 
while the main body of the instrument remains sta- 
tionary. This tilting is not a part of the test, but is 
to permit adjustment of the mirror so that light strik- 
ing it may reflect into the subject’s eye while the in- 
strument is held parallel to the examiner’s face. 

This test is primarily for the purpose of enabling 
the operator to view the fundus and media of the eye 
and thus judge as to the presence or absence of disease. 
To make this possible, light emerging from the eye 
of a subject, must travel in rays which may be re- 
ceived and focused by the eye of the operator. If the 
emergent rays are convergent or divergent, the em- 


metropic eye may not oa a upon the fovea. 


Fig. 96. 
Pupil Dark. 


A healthy pupil usually looks black to the observer. 
This is because no light leaving the interior of the eye 
can ordinarily enter the eye of another. When rays 
are thrown irom a mirror into an eye, they return 


toward the luminous point from which tney were re- 
flected. If one can arrange to place his eye in the 
path over which light travels, as it enters and leaves 
the subject’s eye, he should be able to see the interior 
of the latter. He must, therefore, look through the 
aperture of the mirror because the returning rays will 
pass through this opening, provided they have been 
properly projected into the eye. 

Figure 96 illustrates the Loring ophthalmoscope. 
This instrument has a concave mirror with a 40 centi- 
meter radius. In the back is a complete set of con- 
cave and convex lenses, any one of which may be 
turned before the opening by revolving the milled 
wheel in which they are contained. These lenses are 
of graduated powers, running by half diopters from 
50D-up to 23D: 


Necessary Equipment. 


To successfully use the ophthalmoscope, one should 
have a dark room, similar to that described for reti- 
noscopy. ` A bright lamp is also necessary. This may 
be either an electric lamp with coiled filament and 
frosted globe, or an Argand burner. An asbestos 
chimney similar to that described in a previous les- 
son should cover the latter. It is important to use 
chairs for this practice that are without arms and 
rather narrow. The patient’s eye should never be 
higher than that of the operator, therefore the chairs 
should be of equal height. They should be arranged 
side by side with the back of one alongside the front 
of the other. The operator must examine the subject’s 
right eye with his right eye and the left eye with his 


Si eye, therefore after one eye has been tested, it is 


sary to exchange chairs. The latter should be 
©) weight so they may be readily moved around. 


Att the lamp to a movable bracket or cord and 
plac id, on the same plane with the eyes of the sub- 
ject A Eypminer. If the one who desires to use the 
ophthal e has refractive error, such as renders 


distinct vigionJimpossible, he should wear his correct- 
ing glasses»@the ise, he will not be able to see those 
things which h ires to observe. If he obtains a 
good clear view ¢ lö) fundus, he will be able to see 
to study the bloo sels, ascertain the kind and 
amount of blood whi ey contain and other mat- 


ters pertaining to the ł of the eyes and of the 
patient generally. 


pace rag 


There are two methods of e ing the eyes with 
the ophthalmoscope, the direct the indirect. In’ 
most cases the direct method is prefgfal le because by 
it one may see an enlarged, erect infag Qe fundus, 
while with the indirect method the 1 is small 
and inverted. 
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CHAPTER XIV 
OPHTHALMOSCOPY 


I, DEFINITION: 

Ophthalmoscopy is an objective method of 
observing the fundus and media of the eye in order to 
judge as to presence or absence of disease with the aid 
of the ophthalmoscope. 


II, THE TWO METHODS. 
l. Direct Method (near method): 

Using the ophthalmoscope at a distance of 
two inches thereby obtaining an erect, virtual image 
which is magnified about fourteen diameters. 

2. Indirect Method (far method): 

Using the ophthalmoscope from a distance 
of from fourteen to sixteen inches and viewing an aerial 
image of the fundus which is real, inverted am magni- 
fied about only four diameters. In this magkod the 
image is produced by a strong plus lens hd@@jbefore the 
eye. 


1. Hold a str plus lens (+ 20 D 
or +.13 o or three inches 
from tke Patient's eye. This 
lens Q called the objective lens 
a Qj s held at about its focal 
ore in front of the patient's 

Cs 


Note: Using the tS thod: 


A Turn in the instrument a + 4 D 
lens. This lens enables the 
examiner to obtain a clear image 
with his accommodation at rest. 


Direct Method. 


By the direct method the examination must be made 
from a distance of about two inches from the patient’s 
eye. The beginner usually finds this to be difficult 
because, when looking at so near a point, he finds 
it hard to exclude from his mind the thought that 
accommodation is required. If the eyes of examiner 
and subject are emmetropic, both must remain static, 
otherwise light emerging from the pupil of one can- 
not focalize upon the fovea of the other. Considerable 
practice is required before the operator can learn to 
keep his eye relaxed. The subject, of course, is di- 
rected to hold his vision fixed upon a point at as 
great a distance as the dark room will allow, but the 
operator has no such advantage. He will usually find 
it easier, however, to keep accommodation relaxed, 
if both eyes are held open. The eye behind the mirror 
is used while the other points aimlessly into space. 
The image of the latter is completely ignored. 


Making Examination. 


Instruct the patient to sit erect and fix his eyes 
upon some object at the opposite side of the dark 
room. Caution him not to look directly at the light 
or move his eye during the examination. Take your 
seat with body erect, your arm held close to your 
side. Hold the mirror by the end with the handle 
against your cheek. Do not incline your head or 
turn from side to side, but approach the patient in 
an easy natural position, bending forward at the 
waist line, so that you may be free in your move- 
ments. 

„When you first see the red reflex in the pupil, begin 
moving forward and backward, keeping the light di- 
rected into the pupil from all positions. After you 
learn to do this successfully, approach the patient’s 
eye from the temporal side and direct your line of 
vision toward the optic disc. If, when you get as 
near as two inches, you are only able to see the red 
glare in the pupil, it is probably because your eye 1 
accommodating and you should hold your gaze steg e 
ily fixed within the eye, keeping both eyes open ate 
in every possible manner suggesting to your 


commodative relaxation. When this is fina m- 
plished, the convergence also will relax a ir un- 
atient’s 


ear. When first beginning this pra@tice) it is well 
o can note 


covered eye will point in the this praed 


to have an assistant near at hand 
whether or not you succeed in g the converg- 
ence. Until you do so, your a odation will not 
relax either. Sooner or late ou persist in your 
effort, the optic disc an NOP eset will begin to 
take form under your and the things which 
you are striving to see become visible. If, after 
careful watching, inqwh?h you are assured that 
your accommodat} relaxed, you cannot obtain a 
clear view of. th s, you may begin to try the 
lenses in the dNack*of the instrument. Grasp the in- 
strument hj p on the handle and with the fore- 
finger slg revolve the milled wheel. When you 
reach fe lens which brings the retina of the observed 
eye ima fnjugation with your fovea, the fundus will 


b y visible and you may explore the different 
“ahs trace the blood vessels, and search the fun- 
© 


r imperfections. 


The optic disc should present something of an ivory- 
colored appearance and should be quite conspicuous 
upon its red background. Its color is variable, how- 
ever, in health as well as disease. It generally ap- 
pears slightly oval, being longest in the vertical me- 
ridian. Beginning with the blood vessels which ap- 
pear on this disc, you will note great variety as to 
size and color in different people. The central artery 
of the retina, which is a branch of the ophthalmic 
artery, enters the optic nerve a short distance out- 
side of the point where the latter enters the eyeball. 
This artery separates into two branches, usually 
within the eyeball, though sometimes before it leaves 
the nerve. In the latter cases, it will appear double. 
This artery enters the eye slightly to the nasal side 
of the center of the disc. Within the eye it gives off 
four branches. 


The retinal vein may be recognized by its location, 
size and color. It is on the temporal side of the disc 
and branches in much the same manner as the central 
artery. It carries the darker blood and is about one- 
third larger than the artery. The latter is of rather 
a pinkish color and usually has a light streak, run- 
ning longitudinally along its surface. 

The disc is often surrounded by a narrow white 
ring known as the scleral ring. Again, one may see 
around this ring a ck crescent. The latter is 
formed by the chong atl is known as the choroidal 
ring. In some in s,’ this also forms a complete 
circle around the(@igc. These rings are caused by a 
slight withdrgaa€akot the covering, exposing different 
tunics. Su ondition is not an indication of dis- 
ease. O peculiarity is that of a slight depres- 
sion, keg as the physiologic cup, which sometimes 
or near the center of the disc. At its bot- 
may frequently see the small openings in 
era, through which the transparent optic nerve 

ers enter the eye. These tiny openings may be 

ecognized as a somewhat grey stippling, known as 
the membrana cribrosa. 

The normal appearance of the fundus, and the in- 
dications which should cause one to suspect disease, 
may be made familiar to one only through patient 
practice, backed by diligent study of this part of the 
subject in some reliable text-book on ophthalmoscopy. 
Such books generally contain color plates of the fun- 
dus oculi which aid greatly in training one to recog- 
nize abnormal appearances. The beginner should 
trace out the different blood vessels in a systematic 
order. It is a good plan to follow them according 
to their position, which is indicated by their name: 
Upper Nasal Vein and Artery; Upper Temporal Vein 
and Artery; Lower Nasal Artery and Vein; Lower 
Temporal Artery and Vein. 


Operator’s Vision. 


A question frequently asked is: Shall the operator 
wear his correcting glasses. This depends upon twe 
things—the information which he seeks to obtain, 
and the kind of vision which the operator possesses. 
He must, of course, be able to see that for which he 
is looking and if his vision is poor, by reason of re- 
fractive error, he must either have on his correcting 
glasses, or turn them in before the aperture of the 


instrument. Sometimes this test is employed to es- 
timate the refractive status of the eye under exami- 
nation. In this case it is better for the operator to 
have on his correcting glasses so that he may avoid 
confusing his error with that of the patient. The 
latter is determined by the lens which must be turned 
in the instrument to afford a good view of the fundus. 
The optometrist, however, is not dependent upon this 
test for information as to the refractive condition. 
Therefore, he will only use it as a means of inspect- 
ing the interior of the eye and its media. 

To examine for opacities in the media, one must 
turn before the opening one of the high power lenses 
which it contains, usually about +16 D. This 
serves to bring the observer’s fovea in conjugation 
with the subject’s lens or points on the cornea or iris. 
If there be scars or opacities of any kind, they may 
thus be inspected. This method is especially useful 
in the observation of cataract. 


Indirect Method. 


Sometimes it is desirable to use the ophthalmoscope 
by the indirect method. To do this, hold two to three 
inches from the patient’s eye a strong plus lens, gen- 
erally from 13 D. to 20 D. To hold this lens cor- 
rectly the operator should rest his little finger upon 
the patient’s temple or forehead. He then catches 
upon his mirror light from the lamp located above 
the patient’s head, or on the side of the eye which 
is being examined. This light is thrown into the eye 


NS) 
CS 
as in the direct exa RYO except that it passes in 
through the plus len patient should keep both 
eyes open during this @xamination and it is well to 
direct his visio d the operator’s right ear when 
the right eye 1 jng examined, and toward the left 
peřator is examining the left eye. The 
turn into his instrument the + 4 
imself at a distance of about 14 to 16 
“after catching the red reflex, move for- 
ackward slowly until he recognizes clearly 
f the points of the fundus. 


at which the operator sees is really an aerial 
e of the fundus, It is not so clear nor is it mag- 


nified as much as in the direct method. Furthermore, 


t 
Required by the indirect method. By a simple change, 


- strong plus lens held before the eye. 


2 


the image is inverted. It is obvious, therefore, that 
in most cases the direct method is preferable, the 
one advantage of permitting the operator to remain 
farther away from his subject, being the only point 
in favor of the indirect method. 


Luminous Ophthalmoscope. 


This instrument contains, within the handle, a dry 
cell battery which lights a small lamp placed in a hol- 
low tube just below the mirror. By means of a strong 
convex lens the light is intensified to great brilliancy 
and therefore produces a retinal illumination much 
greater than is possible with the non-luminous instru- 
ment. The convenience of this ophthalmoscope will 
be readily recognized, one of its chief advantages be- 
ing that it can be used wherever one can devise a dark 
room, and in any desired position. This instrument 
contains the same battery of lenses as the old style 
and may be used by either the direct or indirect 
method. 


Geneva Ophthalmoscope and Retinoscope. 


Fig. 97 illustrates an instrument known as the 
Geneva Ophthalmoscope and Retinoscope. This in- 
strumeut is intended to dispense with the necessity 
of a dark room. When employed as an ophthalmo- 
scope, it must be usedyby the indirect method. The 
beginner will find i ier to operate than the hand 
ophthalmoscope ae ld be able to use it without 
difficulty at the OF rial. The lamp which furnishes 
the illuminatj concealed by a little metal case 
so that igh Mron only upon the stationary mir- 
ror. THEY et at the correct angle to reflect light 
throu dark tube into the eye of the patient. A 
cop ns is mounted in this tube so that with a 


(en justment, it catches the rays emerging from 
e gatient’s pupil and refracts them in the manne 


e instrument may be converted into a retinoscope. 
A battery of lenses is dropped over the end of the 
tube before the patient’s eye, and the condensing lens 
used in ophthalmoscopy is turned out of the way. B 
revolving a small thumb screw different lens powers 
may be interposed in the line of vision so as to neu 
tralize the shadow movements, 


152. Ophthalmoscopy: Use of the ophthalmo 


scope. 


153. Direct Method: Using the ophthalmo 
scope from a distance of two inches, thereby obtaia 
ing a large, erect, virtual image. 


154. Indirect Method: Using the ophthalmo 
scope from a distance of 14 to 16 inches and viewing 
an aerial image of the fundus which is real, inverted 
and less magnified. This image is produced by 


155. Physiologic Cup: A non-pathologic de 
pression in the optic disc. 


156. Scleral Ring: A ring of sclera sometime 
seen around the optic disc. 


157. Choroidal Ring: A small portion of th 
choroid which may be exposed, surrounding the onti 
disc. 


eyes» 
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CHAPTER XIV 
OPHTHALMOSCOPY 


I. DEFINITION: 

; Ophthalmoscopy is an objective method of 
observing the fundus and media of the éye in order to 
judge as to presence or absence of disease with the aid 
of the ophthalmoscope. 


II. THE TWO METHODS. 
l. Direct Method (near method): 

Using the ophthalmoscope at a distance of 
_ two inches thereby obtaining an erect, virtual image 
which is magnified about fourteen diameters. 

2. Indirect Method (far method): 

Using the ophthalmoscope from a distance 
of from fourteen to sixteen inches and viewing an aerial 
image of the fundus which is real, inverted and magni- 
fied about only four diameters. In this oS the 
image is produced by a strong plus lens nap vetore the 


1. Hold a str plus lens (+ 20 D 
or +.13 o or three inches 
from tke Patient's eye. This 
lens Q`called the objective lens 
and?}s held at about its focal 
g th in front of the patient's 


Note: Using the o sre thod: 


Qs turn in the instrument a + 4 D 
Q lens. This lens enables the 
© examiner to obtain a clear image 
es with his accommodation at rest. 


+ 


OBJECTIVE EXAMINATIONS 


LESSON 24. 


(All Rights Reserved by W. B. 


OPHTHALMOMETER. 


The ophthalmometer is an instrument, designed for 
measuring the different radii of corneal curvature. It 
comprises a graduated arc, mounted on a concave 
shell, with targets called mires attached to opposite 
ends. The subject’s face must be so placed as to al- 
low images of the mires to be formed upon his cornea, 
where they may be viewed through a telescope erected 
for this purpose. By the proximity of these images 
to each other, an estimate of the corneal curvature of 
the different meridians may be made. Revolving the 
arc permits all of the meridians of the cornea to be 
examined, one at a time. The test consists of de- 
termining the contrast between the curves of the two 
principal meridians. The instrument thus serves to 


measure corneal pea A 
Astigmatis Gcult. 


eater care in meas- 


No form of ametropia requi 
requently, a test 


urement than astigmatism. 1} 
with the cylinders and test types 
sult on one occasion, only to have 


reveal an entirely different condition, nly in the 
amount of error, but in the meridian which the 


T 


obvious, therefore, that any test which wi 
ute information regarding this defect, is 
Many authorities have asserted that an exact me 

of astigmatism demands the use of a cyclop 
One writer declares “Astigmatism is an imp of Satan, 
whose hiding place is the ciliary muscle, and who 
hates atropine as his father is said to hate holy 
water.” Optometrists also have recognized the prob- 
ability of mistakes and have frequently testified that 
the correction of astigmatism is impossible until the 
ciliary muscles have been relaxed with suppression 
glasses. It is therefore agreed by all classes of prac- 
titioners that the ciliary muscle must be static, if one 
is to measure astigmatism by subjective methods 
with any assurance of dependable results. 


Frequent Changes. 


One who makes a practice of studying his case 
records must have observed that an actual variation 
in the amount and axis of astigmatism is not uncom- 
mon. It is illogical to assume that all of such cases 
are due to structural alteration of the cornea or lens. 
Doubtless there are a few cases where increased lid 
tension or other external pressure may have impaired 
the corneal curvature, or perhaps increased tonus oi 
opposite extrinsic muscles may possibly create a slight 
astigmia, but such causes are rare, and are never re- 
sponsible for the cases referred to. 


Meridional Accommodation. 


Let us consider the influence of accommodation 


Needles.) 


astigmatism. By some, it is believed that contraction 
of the ciliary muscle always causes the crystalline 
lens to expand equally in all meridians. In other 
words, that if the crystalline lens is a sphere in its 
static condition, it remains a sphere however much 
its convexity may be increased. This is disproved, 
however, by the very fact that astigmatism undergoes 
changes from time to time and often shows a differ- 
ence at the reading distance, from what it is for re- 
mote vision. These changes can only be wrought by 
what we choose to term “meridional accommodation.” 

In order to explain meridional accommodation, let 
us give a brief review of the accommodative appar- 
atus. According to the Helmholtz theory, the crystal- 
line lens is highly elastic and tends toward the form 
of a sphere. It rests in the vitreous fossa where it 
is slightly compressed by the suspensory ligaments. 
These, being on a constant tension, hold it somewhat 
flattened when accommodation is relaxed. The cil- 
iary muscle, which surrounds the lens, comprises an- 
nular and radiating fibers, both of which contract 
when the muscle is stimulated by the oculo-motor 
nerve. As the peripheral extremities of this muscle 
terminate in the tissues which form a base for the 
suspensory ligaments, contraction of the muscle draws 
this entire structure forward, lessening the tension of 
the ligaments, thus releasing the crystalline lens and 
permitting an increase of its convexity. When the 
ciliary muscle contracts equally in all meridians, the 

lens must expand spherically, but in some cases the 
S) Ary muscle contracts more vigorously in one merid- 
fa than in the others, thus causing the lens to ex- 
p in the form of an ellinsoid. The annular fibres 


of iliary muscle always contract in a circle, but 
Itai he hese fibres which induce accommodation. 
The ra i fibres, which branch out from the cir- 
cular, mch gs the spokes of a wheel radiate from the 
hub, are Sk#€fly,responsible for this act. When they 


e convexity of the lens will in- 
it they do not always do this 


We must remerfib ch fibre of the muscle receives 
nerve-fibre and while the 


stimulus from a dis& 

many nerve-fibres co through one nerve trunk 
they are, Peele te from each other anc 
may on occasion, funct indiyidually. When one 
considers the intelligence of eh minute part of the 
anatomy, it appears unreasondlffe}to doubt that z 
mechanism of such delicacy as te cijiary process, i: 
able to operate in an unusual mann meet unusua 
needs. 


contract equa 
crease spherically, 


oO 


Accommodative ERLA) 
It appears conclusive, then, that the radaiAg fibre: 


of the ciliary muscle, by unequal contractis f PAS! 


form the crystalline iens as to correct astig ‘oy 
and occasionally to produce false astigmatism.~% 
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CHAPTER XV 
OPHTHALMOMETRY . 


I. IMPORTANT STATEMENT: 

According to the derivation of the 
word, ophthalmometry should be defined as an objective 
method of measuring the eye but as it measures only the 
different radii of curvature of the cornea, a better 


name is Keratometry. 


II. DEFINITION: 

Keratometry is the measurement of the 
corneal curvature and especially the difference existing 
in an astigmic cornea. 


III. OPTICAL PRINCIPLES APPLIED IN KERATOMETRY. 

l. The cornea having a brilliant reflecting sur- 
face acts as a convex mirror and the laws gqverning the 
conjugate foci of mirrors may be applied rate cornea 
itself. 

2e The images are larger as th ius of curva- 
ture of the cornea is long or its di ric power is low 
and are smaller as the radius is or its dioptric 


as the cornea is less curve d vice versa. 


power is high. Q 
5» The distance zaara two images is greater 


nfrequently, a patient, on inspection of the clock dial, 
reports equality in the distinctness of the stripes with- 
but lenses, but when his hypermetropia is corrected, 
sees some lines blacker than the rest. In other cases, 
astigmatism appears in the naked eye, but vanishes 
nder a plus sphere which suspends accommodation. 
n the first case the eye has a genuine astigmia which 
is exposed by relaxation of the ciliary muscle, but is 
concealed whenever accommodation is allowed to act. 
n the second case, the eye is not astigmatic but is 
merely hyperopic and because of fatigue from over- 
accommodation, the nerve stimulus became erratic, 
exciting an increased tonus of certain fibres of the 
ciliary muscle and causing a false astigmia which dis- 
appeared when the muscle relaxed. 


Change of Axis. 


This also accounts for the “shifting axis,’ another 
important phenomenon. Too often the optometrist 
chooses a certain meridian for the axis of his correct- 
ing cylinder and prescribes the lenses, only to find, 
after a few weeks, that his patient cannot wear them. 
A proof test shows the axis in a different meridian. 
Sometimes this change occurs within a few hours and 
eccasionally while the examination is in progress. We 
explain this as follows: 

Contraction of the ciliary muscle which causes a 
toric crystalline lens, the weakest meridian of which 
corresponds to the strongest meridian of the cornea, 
will, by neutralization, correct the latter and over- 
come the astigmia. But if, because of imperfect con- 
trol, the axis of the ellipsoidal, crystalline lens should 
fail, by a few degrees, to coincide with the strongest 
meridian of the cornea, the neutralization would be 
imperfect and a cylinder would be indicated at an 
oblique axis. The refraction, in such cases, will 
change as rapidly as the control of the crystalline 
lens varies and it is evident that the true axis and 
correct amount of astigmatism may only be determ- 
ined after all accommodation is suspended, either by 
atropine or a suppression lens. The latter method 
would be employed by the optometrist. 

It follows, then, ‘that since false astigmatism has 
its seat in the crystalline lens, any regular lenticul 
astigmatism may be wholly or in part false. In f 
one should never grind cylindrical lenses unle 


astigmatism is revealed in the cornea, or u er 
steps have been taken to relax all acco tive 
spasm. 


Prove with meee G 


Corneal astigmatism is as definjt the lenticular 
variety is indefinite. There is sli Onge of great 
error of measurement in a case wy the ophthalmo- 
meter reveals. In fact, if t recting spectacle 
lens could be worn in con RA ith the cornea, where 
the ophthalmometric im e formed, the prescrip- 
tion would seldom fail t incide with the findings 
- of this instrument. .Whenever the subjective exam- 
ination and opht OMeter agree one may make an 
immediate pregcri with the assurance that no 
change in the ngth or axis of the correcting cylin- 
der will su ntly occur. On the other hand, if 
the ophth eter indicates one axis, while the trial 
case ig eres another, it is better to delay pre- 

til suppression lenses have been used for 


scribt 
AO) nt period of time to induce relaxation of the 
D 


N E ERS LINTE E OE E CE DE OENE ee ; 
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ciliary muscles. When this is accomplished, the axis 
indicated by the ophthalmometer is usually found to 
be the correct one. 

Again, if the ophthalmometer shows a _ spherical 
cornea, one should be very slow to prescribe a cylin- 
der, even though astigmatism should be indicated by 
the trial case test or retinoscope. In these cases, also,, 
suppression glasses should be used, and very often 
they cause the astigmatism to vanish, thus proving 
it to have been false. 


UNIVERSAL OPHTHALMOMETER. 

Fig. 98 illustrates the Universal Ophthalmometer. 
This instrument is described by the makers, in part, 
as follows: “The ophthalmometer depends for its re- 
sults upon the magnitude and form of reflections from 
the surface of the cornea which acts as a convex mir- 
ror. These reflections vary in size with the radius 


of curvature of the cornea, the size of the image vary- 
ing directly with the radius of curvature. For the 
purpose of making the delicate corneal measurements, 
there is placed in the axis of orientation and of vision, 
a telescope containing a bi-refringent prism. This 
divides the luminous rays into two sets so as to double 
the image formed by the pair of mires. This doubling 
is constant in the Javal-Schiotz optical system which 
is used in the Universal Ophthalmometer and does 
not vary with the separation of the mires. If we 
know the doubling power of the prism, we may from 
the separation of the images as seen through the 
telescope, obtain the required data. The amount of 
separation is the amount of over-lapping of the or- 
dinary prismatic image of one mire with the extra- 
ordinary image of the other. 

“The Universal Ophthalmometer is so proportioned 
and graduated that direct reading in diopters is 
available, and no calculations are necessary. In it we 
have embodied every advantage suggested to us in 
the manufacture and sale of this and similar instru- 
ments for a period of many years. The optical sys- 


S 
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tem is strictly according to Javal, with Wollaston 
bi-refringent quartz prisms and achromatic objective. 
Each part of this system is accurately ground to 
formula and tested individually before assembling. 
After the instrument is complete it is tested on 
spherical glass surfaces of different curvatures, cor- 
responding to the range of curvatures found in human 
corneas. 

“Quartz prisms, as used in the Universal, have an 
advantage over glass prisms because of the clearness 
of the corneal images, showing accurately, slight 
amounts of astigmatism. A further advantage is that 
slight movements of the operator’s head do not dis- 
turb the relationship of the images of the mires when 
quartz prisms are used. This overcomes a very 
annoying factor in ophthalmometers containing glass 
prism systems where even a slight movement of the 
head will cause a difference in the reading. 

“The mires are the parallelogram and steps devised 
by Javal and Schiotz and which are considered to be 
the most accurate ever devised. This mire is par- 
ticularly sensitive in determining the continuity, or 
lack of it, of the central black line. 

“The mires are controlled through an entirely new 
method, original in this instrument. The large dial 
is made to revolve independently of the telescope and. 
arc, and has mounted on its concave face two spiral 
tracks. On the back of each of the mire boxes is a 
groove-like attachment, engaging one of these spiral 
tracks. As the dial is revolved, therefore, the mires, 
following the spiral, are moved along the arc to and 
from the center, according to the direction of the ro- 
tation of the dial. This method allows a relatively 
large movement of the dial to a small movement of 
the mires—a fine adjustment, insuring accuracy. 
Small posts are mounted at short intervals near the 
periphery of the dial on its convex side so that it may 
be conveniently revolved from any point and the 
operator is relieved of the necessity of visually locat- 
ing this control. Other advantages of this method 
are the large open diopter scale and the great me- 
chanical simplicity, there being no small moving parts. 

Directions for Testing. 

“The patient should be seated so that the horiz 
part of the head rest is just above the brows wa 
chin upon its rest. Look through the tele 
directing the patient to fix his gaze in t N 
end, and find the corneal image by rg wering, 
and swinging the instrument to righ w, eft as may 
be required. Focus the image by mea f the milled 
wheel at the side of the telesqo A ‘fine’ adjust- 
ment is obtained by turning tl Ney “piece. 

“Locate the primary axis tevolving the tele- 
scope until the continuity GN) e two central black 
lines, through the mir. RA stablished. Adjust the 
mires so that their ede ist touch. To do this, re- 
volve the large dial, gr¥sping it by one of the small 
knobs for this puepse. There are two pointers, 


operating on t oper scale. Both have two oval 
openings, buqon@&éf them has an extension hook. At 
this point Cy: examination, move by hand the 
pointer 2) e extension, so that it is directly be- 
hind a ered by the other pointer. 

ut the instrument into the secondary posi- 


o 
tid RS the eye under examination is astigmatic, the 
N in the image will appear either separated or 


over-lapped. Adjust them by means of the large dial 
so that their edges just touch, as they did in the 
primary position. It will then be noted that the 
diopter pointers occupy two different positions on the 
scale, and the difference between them is the astig- 
matism in diopters. For example, if one pointer is at 
43, and the other 45 on the scale, the astigmatism 
would be 2 diopters. The inner circle of the larger 
scale registers the curvature of the cornea in diopters. 
The axis is shown on the smaller scale. 


C.-I. OPHTHALMOMETER. 


Fig. 99 illustrates the C.-I. Ophthalmometer. The 
special features of this instrument are presented by 
the makers as follows: 

“Special Mires: The improved instrument has two 
pairs of mires, a separate pair for each meridian. One 


Fig. 99. 


pair is used exclusively in the primary and the other 
in the secondary position. Those used in the primary 
position cannot be used in the secondary position. 
Those used in the secondary position are partial dup- 
licates of those used in the primary. 

“One Position: As stated above, the mires used in 
the primary cannot be used in the secondary position, 
Once the primary position is located, no further 
change in the position of the mires or telescope is re- 
quired. The possibility of the movement of the eye 
under examination when the mires are moved to the 
secondary position is therefore entirely eliminated. 

“Limited Rotation: A one-position ophthalmo- 
meter has many advantages over the two-position 
ones. For instance, the principal meridians of an eye, 
possessing corneal astigmatism, may be located by 
rotating the mires through an arc of only 90 degrees, 
and by limiting the rotation to this extent, the oper 
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ator is compelled to locate the principal meridian, 


lying in the horizontal section of the eye first. In - 


other words, the primary position will necessarily 
have to be correct. 


“Primary Position: The primary position being cor- 
rect, the instrument registers the important fact of 
whether the astigmatism is with or against the rule, 
also the dioptric value of a. cylindrical lens which, if 
placed in contact with the cornea, would exactly cor- 
rect the corneal astigmatism. 


“Secondary Position: The secondary position, 
which is practically always at right angles to the 
primary one, is obtained by simply rotating the eye 
piece of the instrument 90 degrees. The prisms in 
the telescope being rotated with the eye-piece are 
then in a position to double the images which lie in 
the secondary position. Thus, if there be the slight- 
est amount of regular or irregular astigmatism, it will 
be shown immediately. This method also obviates 
the necessity for re-focusing the telescope, as is some- 
times necessary for a two-position instrument. 


“Adjustable Prisms: The position of the reflected 
images of the mires as seen by the operator on the 
cornea are effected by the position of the prisms in 
the telescope. The prisms are fitted in the inner tube 
and are carried back and forth at will by means of 
a finely adjusted rack and pinion. To one end of this 
pinion is attached a wheel having graduations on its 
side. These graduations show the radius of curva- 
ture in millimeters and tenths of a millimeter. The 
wheel is also graduated on its face to show the total 
refracting value of the radius indicated, the gradua- 
tions being in diopters and fractions thereof. The 
operator is enabled to read the radius of curvature in 
each meridian to 1/40th of a millimeter and the total 
refracting power of the cornea in each of its principal 
meridians to % of a diopter. He can also read the 
exact amount of corneal astigmatism and whether it 
be with or against the rule, thus doing away with all 
computations. 

“Achromatic Lenses: The combinations of ac 
matic lenses and luminous mires enable the op 
to obtain very correct results, as exact, in fac h 
of a diopter. 


“Directions for Use: Seat the patie AN ront of 
the instrument in an erect and co t position. 
The forehead should be pressed Rem ahs the two 
buttons on the head rest; the eyeg showtfd be perfectly 
level and one of them should be, red with the eye- 


cover. Place the perforated Ny lan pointer at ex- 
actly 90 and the eye-piece o Ce n: at the point, 


marked primary positiqi? direct’ the telescope to- 
ward the uncovered AN ocus the telescope until 
sharp images of the WÀ are seen. If the meridian 
lines running throwygh Yhe center of the mires form 
an unbroken lin mires lie in one of the principal 
meridians ei QO , or there is no corneal astig- 
matism. Sfuld*the meridian lines be broken, the 
mires lie en the principal refracting meridians, 
one of may be located by rotating the telescope 


to t ight, until a meridian is found where these 

lin S continuous. The mires are now 1n what is 

N 
a) 


Sy as the primary position. The radius of curva- 
in this position may be measured by rotating the 
sting wheel on the right side of the telescope un- 


til the spurs on the meridian lines are seen opposite 
each other, forming with the lines a perfect cross. 
After the cornea has been measured in the primary 
position, the wheel on the left side of the telescope 
should be adjusted on its pinion so that “O” on its 
face will coincide with the indicator, showing the 
radius. This adjustment should be made while hold- 
ing the right hand wheel in position to maintain a 
perfect cross. After the left hand wheel has been 
properly adjusted, the eye-piece of the telescope 
should be rotated 90 degrees to the secondary posi- 
tion. The images of the mires in this position will 
now appear doubled. If corneal astigmatism be pre- 
sent, the right hand wheel will have to be adjusted 
again in order to form a cross. 

“After the cross has been formed in the secondary 
position, the amount of corneal astigmatism and 
whether it be with or against the rule may be read 
from the face and the side of the left hand wheel. 


“If the astigmatism be with the rule (meridian of 
greatest refraction approximately vertical), the per- 
forated meridian pointer indicates the axis for plus 
cylinders and the solid one the axis for minus cylin- 
ders. Just the opposite is true, if the astigmatism is 
against the rule. 


“Plus cylinders are indicated, provided the radius 
is longer in both meridians than 7.8 millimeters (the 
curve of the normal cdynea) and minus cylinders are 
indicated, if the radg shorter than 7.8 millimeters 
in both principal idifns. It is a safe rule to sub- 
tract=50: Di.ors . from the reading of the ophthal- 
mometer, pr the astigmatism is with the rule, 
and to giv ctically the whole amount shown it 
the rule, If the astigmatic error be 
cally all shown will be accepted by the 
his is especially true, if minus cylinders 


nses must be placed practically 15 millimeters in 
front of that surface. This practically increases the 
power cf plus and decreases the power of minus 
lenses. For this reason more nearly the full amount 
shown by the instrument will be accepted, if minus 
cylinders rather than plus are chosen.” 


158. When the subjective test disputes the 
ophthalmometer, as to location of axis, use fogging 
lenses as treatment glasses before prescribing. 


159. When the ophthalmometer shows a spherical 
cornea and other tests indicate a cylinder is needed, 
use a fogging lens to determine the true condition. 


160. When the ophthalmometer shows astig- 
matism with the rule (vertical meridian strongest), 
subtract .50 D. or .75 D. from the cy'inder indicated 
before prescribing. 


161.. When the ophthalmometer shows astigma- 
tism against the rule (horizontal meridia# strongest), 
prescribe practically the correction indicated. 


162. The cylinders indicated by the ophthalmo- 
meter are somewhat inexact because the measure- 
ments are made on the surface of the cornea, while 
correcting lenses are worn 15 millimeters in fron 
of that surface. 
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CHAPTER XV 
OPHTHALMOMETRY . 


I. IMPORTANT STATEMENT: 

According to the derivation of the 
word, ophthalmometry should be defined as an objective 
method of measuring the eye but as it measures only the 
different radii of curvature of the cornea, a better 


name is Keratometry. 


II. DEFINITION: 

Keratometry is the measurement of the 
corneal curvature and especially the difference existing 
in an asStigmic cornea. 


III. OPTICAL PRINCIPLES APPLIED IN KERATOMETRY. 
l. The cornea having a brilliant reflecting sur- 
face acts as a convex mirror and the laws governing the 


conjugate foci of mirrors may be applied tpe cornea 
itself. 

2e The images are larger as the ius ef curva- 
ture of the cornea is long or its di ic power is low 
and are smaller as the radius is s or its dioptric 


power is high. Q 


5» The distance betwee wo images is greater 
as the cornea is less curved vice versa. 
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CHAPTER XVI 
DEFINITIONS BY COMMITTEE OF NOMENCLATURE. 


I. SIGHT: 
The faculty of vision. 


II. VISION: 

A physical, physiological and psychological 
process by which light, form, color, position and motion, 
etc., are apprehended. - 


III. POINT OF FIXATION: 
The point at which the visual lines meet and 
to which attention is directed. 


IV. FIELD OF FIXATION: 

The greatest angular distance over which the 
visual axis or axes can be moved. The head being sta- 
tionary, and the eyes directed straight forward, the 
field of fixation averages about 35° up, 55 Coun, and 
45° nasal-ward and 45° temple-ward. EN 


V. MONOCULAR FIELD OF VISION: 

All that portion of the s Qa field whose 
image can fall in any part of ANN of the eye. 
Fixation being straight TE a point on the horizon, 
its extent is approximately 5O\\up, 70° down, 60° nasal- 


cheek, nose and iris in t irections indicated. 


VI. BINOCULAR FIELD A SLON: 
The sum e two monocular fields of vision 


which are approxi ly 50 up, 70° down, 180° laterally. 


ward and 90° temple-ward ; sei limited by the brow, 


VII. FIELD OF QNOCULAR VISION: 


RE portion of the monocular field common to 
both eyes 
VEIT . pgipouraR SINGLE VISION: 

Single simultaneous vision with two eyes; the 


reg of the mental fusion of the two retinal images 
A; e object fixed. 
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CHAPTER XVII 
PERIMETRY & CAMPIMETRY. 


I. PERIMETRY: 

It is a method of measuring the extent of 
the visual field for white and colors and also charting 
scotomata (blind spots on the retina), with the peri- 
meter e 

Note: Perimetry is usually assumed to 
include campimetry. 


II. PERIMETER: 

An instrument consisting essentially of a 
metal arc of 180° with sliding targets for measuring the 
fields of vision and rotation of the eye, placed at the 
center of the arc. 


III. CAMPIMETRY: 

Is the study of the aotan para- 
central portion of the field of vision f ite and 
colors and particularly locating and ge ing scotomata 
with a campimeter. xO 


IV. CAMPIMETER: Q 

A slate, blackSoard, or other flat sur- 
face for charting the visual @yeld, especially the more 
central portion, for Ones of locating insensitive 


spots or areas. 


NZ 
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CHAPTER XVIII 
PHOROMETRY - EYE MOVEMENTS 


I. PHOROMETRY 

Definition--Phorometry is a study of the nerve in- 
nervation of the eye and the ease or difficulty, as the 
case may be, with which this energy is supplied to cer- 
tain muscles. 


II. EYE MOVEMENTS. 
A. Homonymous 
lə Both eyes up 
Both eyes down 
Both eyes to the right 
Both eyes to the left 
Both vertical axes deviating alike 
Both eyes converging and accommodating 
NOTE: These movements are binocular_mNovements to 
produce and maintain single sear visione 


Be Heteronymous & 
1. One eye up O 

2. One eye down i 

3» One eye to the ri 

4, One eye to the f 

5. One vertical aki deviating 

6. Both eyes ou 

Tə Both eyes without accommodating 
C. Range mat Qir ing together in range movements 


PEAR in pairs. 
+ 


ever, in view of the actual noncorrespondence of the retinal points, of similar visual 
direction in other functional components (especially impression value and depth 
value. . . .) this does not seem to be suitable. Let us assume from the start 
that in a person who has normal binocular vision, this turns out to be a fixed and 
innate correspondence, so that we may define it as an elementary, fixed congruence 
of visual direction based on inheritance or the laws of development. 


As a result of this arrangement, even if dioptric images of exactly the 
same size were formed on both retinas the ocular images at the brain 


y 


if 
i 


Auxinsary Lens Auxierary Lens 


Fig. 1—Schematic model aw physiologic processes of binocular vision. 


would appear to be the same size and shape only if the distribution of 
nerve elements in Ra eyes were exactly the same. For example, if 
the separation elements in the right eye were greater than that in 
the left, the NY image at the brain received from the right eye would 
appear meer than that received from the left and vice versa.* Thus 


3: i$ relationship is evident from the schematic diagrams in figure 2. In 
the r figure the distribution of the retinal elements is assumed to be identical 
i th eyes; i. e., oa = a' and ob = o'b'. A represents the brain center with 


+ 


N ich the corresponding retinal elements a and a’ are connected and B that with 


A 


the existence of a difference in the size of ocular images between the 
two eyes may be due either to a difference in the size of the dioptric 
images formed on the retinas (an optical phenomenon) or to a difference 
in the distribution of the retinal elements (an anatomic phenomenon), 
or both. 

With this general view of the factors that determine the relative 
size and shape of the ocular images, the various types of differences that 


Leva. DISTRIBUTION OF 
RETINAL ELEMENTS 


UNER Orea or 


L ELEMENTS 


R 
Fig. 2.—Effect of aera retinal elements on relative size of ocular 


images. C 


which b and b’ are ‘co ed. If the dioptric images I and I’ are the same size 
on the retinas, they appear of the same size at the brain. In the lower figure 
the distribution @ANee elements are assumed to be such that those in the right eye 
are more NS those in the left. Then equal dioptric images on the two 
retinas will ear of different size at the brain. The image in the right eye will 


will fall on retinal elements c’ and d’, which are connected with brain 
oi KI and D, and the points C and D.are nearer together than the brain points 
B, with which the end-points of the image in the left eve are connected. 


right e 


appear mM: than in the left, for the end-points of the dioptric image of the 
D 
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CHAPTER IXX 
FUSION - DUCTION 


I. FUSION 

Ae Definition 

1. Fusion is the faculty which the eye 
possesses of uniting the two ocular images into a single 
mental impression. 

NOTE: When an image of the object of regard is 
thrown upon each of the two retinas, there is an over- 
present and strong desire to cause the images to fall 
upon corresponding points (or areas) of the retinas, for 
in doing so the sensations fuse and only one object is 
seen. 

2. Fusion tests (formerly duction tests) are 
tests which really determine the breadth of fusion and 
not the power of the muscle which ıs revealeu by version 
tests. 


Se Version is the ability of the K e to 
move the eyes in the four cardinal directio 


II. DUCTIONS 
I. Adduction xO 
The breadth of fusion AS) 1 over the in- 
ternal recti muscles ascertained(by‘the maximum amount 
of prism base out through whic e patient can maintain 
Single binocular vision with @mimpaired distance vision. 
NOTE: Amount, as norma erage Z4 P.D. 
2e Abduction N 
The breadth @R fusion control over the external 
recti muscles ascert@i by the maximum amount of prism 
base in through west he patient can maintain single 
binocular visione N 
NOTE: Amo as normal average 8 P.D. 
Se SoA ction ( sursumduction or superduction) 
breadth of fusion control over the 
superior siptus muscle ascertained by the maximum amount 
of prigmN¥ase down before one eye through which the 
can maintain single binocular vision. 


soia 


NOTE: Varieties--Right and Left. 

Right supraduction is associated with the left 

infra duction. 

Amount as normal average of 2 P.D. 

4, Infra-duction (deorsumduction or subduction) 

The breadth of fusion control over the inferior 
rectus muscle ascertained by the maximum amount of prism 
base up before one eye through which the patient can main- 
tain single binocular vision. 

NOTE: Amount as normal average 2 P.D. 


III. BREADTH OF FUSION DEFINED: 

By breadth of fusion is meant the measure of 
the power of suppressing, in the interest of single bin- 
ocular vision, artificially created diplopia e (vam de 3 

NOTE: The strongest prism, base in, added to the 
strongest prism base out gives the horizontal breadth of 
fusion. 


The strongest prism base up ssa the strong- 


est prism base down gives the vertical br of fusion. 


IV. TABLE xQ 
DUCTION TEST FOWER ` AVERAGE 
Adduction Base ou) to 26 P.D. 24 P.D. 
Abduction Base <A 4 to’'9 P.D. 
Supra-duction Base i tes P.D 
Infra-duction Bag, up 1l-+to 3 P.D. 


V. 1ST GENERAL RULE I WORK 


To test the Gefen apex of the prism over the muscle 
‘to be tested. , O 
N 
& 
NS 
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CHAPTER XX 
ORTHOPSIA - ORTHOPHORTA 


I. ORTHOPSIA 
A. Definition- 

1. Orthopsia is perfect coordination of the 
visual apparatus. 

2» Orthoptic treatments are ocular training in- 
volving the use of prism, lenses, etc. for 
developing perfect coordination of the visual 
function to the end that vision may be clear 
and comfortable. 


II. ORTHOPHORTA 
Ae Definition- 
Orthophoria is perfect binocular balance (for 
distance) 


be Determination of orthophoria (Orthophoria Sge 


on: ) 
1. Anatomic balance N 
a. Correct attachment of the mess. 
b. Correct size of the muscl O 
Ce Correct length of the OS 
de Macula properly located } each retina. 
2. Equalized Tonus.e 


Tonus exactly eet all ocular muscles 
when the eyes are fixes at infinitv. 
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CHAPTER XXI 
HETEROPHORIA - PHORIA TESTS 


I, HETEROPHORIA 
A. Definition. 
Imperfect binocular balance which applies to any 
form of imbalance not too great to be overcome by ductions. 
B. Causes. 
1. Anatomic Anomalies. 
a. Muscle too long. 
be Muscle too short. 
C» Muscle too small. 
də Muscle too large. 
e» Faulty attachment of a muscle. 
l. Too far back. 
2. Too far forward. 
3. Incorrectly oblique. 
fe Muscle deficient in contractabil<¢ty. 
g» Muscle deficient in elastici re 
h. Abnormal location of the ma ə 
2. Deranged tonus brought about error of ro- 


fraction. O 
ae Induced increase of setus. 


1. Or excessive i tion to some muscle. 
2. Or excessivesresistance of opposing 
muscle. 
b. Inhibited im UR FE « 
1. Or defj nt innervation to some muscle. 
Ba- Or Ke ront resistance of opposing 
C. Classificatioy: 
1. Esopharg: A tendency of the visual axes to 
deviate ard. (insufficiency of external recti) 
2. Exo ia: A tendency of the visual axes to 
dans outward.(insufficiency of the internal 
recti). 


yperphoria: A tendency of the visual axis of one 
eye to deviate above its mate; (insufficiency of one 
inferior rectus). 
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4. Hypophoria: A tendency of the visual axis of 
one eye to deviate below its mate. (Insuffi- 
ciency of one superior rectus). 

NOTE: These two last conditions (Hyper & Hypo) 

may be taken as one since a right hyperphoria 

is the same as a left hypophoria and visa versa. 

5. Cataphoria: A tendency of both eyes to 
deviate downward. 

6 Cyclophoria: 

a» Definition: 

A tendency of the vertical axis of one 
or both eyes to deviate from the normal 
position. 

be Varieties: 

1. Plus Cyclophoria is a tendency of 
the lower part of the vertical axes 
of theeyes to deviate inward. 
(Superior obliques at fault). 

2e Minus Cyclophoria: is a tendency of 
the lower part of the v KI al axes 
to deviate outward. (I@perior obliques 
at fault). 


II. PHORIA TESTS 
A. Synonyms: 
A better name for phox ia test is tonicity test. 
B» Tonicity or phoria te are designed to ascertain 
the balance of the veQyous extrinsic muscles(ocular) 
when in the state i hysiological rest, that is, 


with the fusion ended» 
Ce Summary of PrOyddure. 


1. Second eral Rule in muscle work 
The’ is always turning (or has a tendency 
to tu) opposite to the light displacement. 
Ze Ard General Rule in muscle work 
N o measure heterophoria place the base of the 
yis in the direction of the light displacement. 


D. Tables 


Table ffl. 


Ortho----Normal Anatomic Balance 
Equalized Tonus 


Ana.----Up 
Kata---Down 
Dextra-Right 
Sinistra-Left 


Homo (same) 


Eso----In 
Exo--=--Out 
Besar at 
bottom 
Hetero(different ) ee oe at 
bottom 
(Ri 
Č 
Table #2. S 
a hyperopia under 
(With the R S ive prism diopters 
Esophoria-- (needs no treatment 


( 
( (With Myopia 
(Ag rA Rule-(Treat all cases 


Hyper 


Exophoria--4W{@ the Rule---(With Myopia 
under 3 P.D. needs no 


Se ( treatment 
O` (Against the wees Hyperopia 
Treat all cases 


ate 


Table #3. 


(Indirect---(Correct refractive errors 
( (Constitutional treatments 
Treatment ( 

Of Phorias( (Physical culture 

(Direct (Prism exercise 

( (Prism correction 


E. Fourth General Rule in Muscle Work 

To exercise a muscle apex of the prism over the 
muscle to be strengthened. 
F, Fifth General Rule in Muscle Work 

For constant wear (Prism Correction) hase of 
the prism over the weak muscle. 
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CHAPTER XXII 
ORTHOTROPIA - HETEROTROPIA 


I. ORTHOTROPIA 
A. Definition. 
1. Perfect binocular fixation. 


II. HETEROTROPIA 
A. Definition. 
1. A decided deviation from parallelism. 
Be Synonyms. 
l. Strabismus. 
2. Cross eyes. 
3e Squint 
C. Causes. 
1. General Cause: Impossihility of fusion. 
2. The causes of strabismus are the same as 
for heterophoria; but in ct aa there 
may be: XO 
ae Absence of the fusi aculty. 
be Anything which Barapa 
impossible, suc : 
1. Nebula 
Re Bait bicneel 
Se pipaa egree of optical error 
in onJeye. 
Q of the eye in general. 
ds Par is 
e. H ria 


f ousness 
De VarietiGsl 


l. BGetropia (convergent strabismus). 
condition in which one eye or both 
“SN deviate inward. 

xotropia. (divergent strabismus). 
A condition in which one eye or both 
deviate outward. 

3. Hypertropia. (Vertical strabismus). 
A condition in which one eye deviates 
upward. 


4. 


De 
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Catatropia. 
An actual deviation of both eyes downward. 
Cyclotropia 
An actual deviation of lower part of the 
vertical axes of the eyes. 

ae Inward (Plus cyclotropia) 

b» Outward (Minus cyclotropia) 


E. Classification 


T. 


Ze 


3s 


4. 


Concomitant or non-paralytic: The squinting 
eye has freedom of movement and will follow 
the other. 

Paralytic or non-concomitant: Opposite to 
concomitant. 

Alternating strabismus: Sometimes called 
binocular squint. The eyes take turn in 
fixing and squinting. 

Mono-lateral or fixed or absolute or uni- 
lateral or uni-ocular strabismus: Constant 


or one-sided. ~\ 
Periodic or inconstant or recu ne or 


occasional or relative po Inter- 


mittent; the squint manife 
occasionally. 


itself only 


(Diet 
Constitutional-(Fresh air 
(Calisthenics 
(Medical 
(Hydrotherapy 
(echanotherapy 


Treatment 
OF (Ametropiic correction 

Tropias 
(Prism apex in the direction 
(of deviation until the eyes 
(fuse then reduce prism 
(gradually until the eyes 
(straighten 


(Prism apex in Rae 
(of deviation onstant 


(wear. 


